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"PHOSPHOR BRONZE” 

The hc^t and wo^i tfur,*hlc \ilfns *or Sfidi \'al\es. Hearings f^u\he-9» 
/ iUhvr parts nf Mtuhinvrx exposed to /Wtriort 

astd '* ivir, Pinup Rt,ds^ Puntp^. /•islon Piin»s. PinUxas^ 

U arm H'/Ji-r/s, Motor (icar/at^^ 


SOLE MAKERS OF 


“ CDWBRA ’ 


( 


‘l-r Cti.ic . 


r>: r 


A Malleable Bronze 


STRONG ROLLED BARS for PUMPS, &c. 

fifron^ as Stn!, as Wrnurjit iren. Meta/ 


“DURO METAL” 

CReCiSTERED TRADE MARK) 

ALLOV B Spcnally ailapttfi for BCA^.INGS fn HOT NECK ROLLS of 

IRONWORKS TIN-PLATE MILLS, <£c. 


ROLLED & DRAWN PHOSPHOR BRONZE, SILICIUM A 
OTHER BRONZES, NAVAL BRASS, GUN METAL 

AND MANGANESE BRONZE. 


BABBITT MF.TAl,, '‘VULCAN'' BRAND. RLASTIC MET/ , "COG 
WHEEL" BRAND, “WHITE ANT’ METAL, rheaper than *»> 
.iabbitt's and tt|ual to best Ma^noha Mctat * 


PHOSPHOR Tin S PHOSPHOR COPPER, “ COG WCZfeC ' ^RAHD ’ 


PL '’St spn ffy fhc manufacture n/ the Phosphor Bmn/e Uu , Lid. buathwark, 

prt-y'rnt /mposition and error 




JOHN J. GRIFFIN & SONS, 

LIMITED. 


Laboratory Benches and Apparatus, Measuring Tools, 
Stands (for Retorts, Burettes, Funnels, Test-Tubes), 
Laboratory Motors, Balances and Weights, 

Air Pumps and Accessories, Crucibles, 

Specific Gravity Apparatus, 

Drying Apparatus, 

Furnaces and Burners, Evaporating Basins, Rubber Goods, 
Filtering and Extraction Apparatus, Calorimeters, 
Thermometers, Hygrometers and Pyrometers, 

Gas-Generating and Washing Apparatus, 

Glass Flasks, Beakers, Jars, Bottles, 

Distilling Apparatus. 

Electric Batteries and Apparatus for Electrolysis, 
Apparatus for Determining Molecular Weights, 
Referees' Gas Analysing Apparatus. 

Hofmann’s Lecture Apparatus. 

Apparatus for Gas Analysis. 

Apparatus for OM Testing, 
Saccharimeters, Polarimeters and Microscopes. 

Apparatus for 

Yolumetric Analysis, Cement Testing, Steel Testing. 

I Water, Milk, and Urine Analysis, Blowpipe 

Analysis, Arsenic Testing. 

Cabinet»& Sets of Apparatus—Minerals, Fossils & Crystals. 

Chemicals and Reagents. 

120-26 SARDINIA STREET, 
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TNT n ODTT'TION. 

* 


Wi th tljo spread of t(‘elniical ( dncalioii, wliieli is such a 
ffiaturo in the pn'senf century, scarctly a hmisrhuhl Init 
has its more or Irss pretentions worksliop, in Avhich tlie 
mechanical and scienlific tastes of the hoys can Ix' devel(»])e(l 
and made ns(-fnl. No ladter ^vay of kee])in< 2 ; idle hands 
iVoin^ mischief can he imaj^ined, and there is alwaj’s a cliarni 
ahont liomo-made knicknaoks, and a satisfaction in doine; 
one’s own repairs iihont the dwelling-, that (piite atone, for 
any little defects that a prof«!ssional (wc nij}i;ht discover. 
As aid hooks to sueli industrious amateuis, and hy no means 
to he desj>ised evtii hy th(‘ trained nu'e.lianic, Wouksiior 
]ii;i i;i!’TS liavc enjoyed a wide re})ntation for close on a 
fpiarter of a century. Of handy size, well indexed, and 
fully illustrati'd, they comjirise in themselves a com|dclc 
technical library at a vtuy low cost. In addinj; a Futii 
vedume, the range of subjects has been widened, and th(' 
information couvi^yed in <‘arl!er volumes has been Hupj)le- 
meuted hy the results of^ ost recent investigations and 
experiments, thus bringing the whole series well nji to date. 
In I'i.e matter of illustrations this last addition to their 
nuuiher.is specially liberal. 




The phosphor bronze CO. 

IJMITED, 

Sole Makers of the following ALLOYS. 

PHOSPHOR BRONZE. 

Cog Wheei ■’ and “Vulcan' Brands Ingots, 
Castings Plates, Strip, Bars and Wire. 

-DURO METAL A Bronze Alloy 

for RoM Bearings, Wagon Brasses. &c. 

PHOSPHOR TIN AND PHOSPHOR COPPER. 

“Cog Wheel ’ Brand. The best qualities made 

PLASTIC METAL. 

, ‘'Cog Wheel Brand The best filling and lining 
Metal in the market, 

BABBITT’S METAL. 

“Vulcan” Brand Seven Grades. 

.“PHOSPHOR ” WHITE LINING METAL. 

Fully equal to Best White Brass No 2, for lining 
Marine Engine Bearings, 


Cheaper than any Babbitt's, and equal to best 
Magnolia Metal. 

WHITE ANT ’’ BRONZE. 

Superior to Fentons Metal for Car Bearings. 

SILICIUM BRONZE ELECTRICAL WIRE. 

I .l * 

For Overhead Electrical Lines and other purposes. 


rioMs oppiy for Caialngupn co%iiaxnir\g full pariiculatn to the 
»' Company^H Hand 

jU^SUMNER STREET, SOUTHWARK, 

X^ONDON, s.e:. 




EDISON & SWAN 

XJ isr I T e: ID 

ELECTRIC LIGHT COMPANY, LIMITED. 

llmil Ofirnt, U'itreiuiu-^i t, aiitl >fi(nrroiniiK 

EDISWAN BUILDINGS, 3G and 37 QU^EN ST., LONDON, E.G. 

M'W/ I\/ul fiilicf nml Shoirr^fom : 

53 PARLIAMENT STREET, WESTMINSTER, S.W. 

liitippiy iStnrf: COLLEGE HILL, E.C. 

OEIGIlfAL LNTENTORS, PATEJJTEES AM) FOUNDERS OF 

THE INOANDESCENT LAMP INDUSTRY. 


f 


TVIAUR 


MARK. 






HiCJH VOLTAGE LAMP HAL f i^iZE 

THE BEST AND CHEAPEST IN THE END. 


SvppJifd to the War OJIirt\ Colonial OfftrCy ]*(fU Office^ ^ 
Goocrmaenis^ (hrpnraiioiiit^ Ltaduu] ^tf amship and Itanwav Con., 
GlubSs lloieh^ Thfiatres^ dr. ctr. dr. 


BRANCHES AND AGENCIES THROUGHOUT THE WORLD. 
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1 »i A M< >i\ n cvrn xu am* 

POLJSIIIXG .. .. 


COUKOSION AXn TROTl/*- 
rios OF MLTAL SUR- 


RAIiiiLS. 

4 

FACES . 

r « 

2H.'. 

]-ABOUATOi:V Ari»ARATUS 

t; 

PUMPS AND SIPHONS 

i « 


(T.MKN'I^ AN1» M:TKS 

i:; 

WATKRPIiOOFING 

• • 

;w t 

fOlHANG . 


GLASS MANIPULATING 


5i:; 

OOI’YINO .. 

O 1 

MoDELIANG AND PLASTER 


. 


CASTING. 

m 4 

;;ji 

hISTILUNO. 

4J 

STEREOTYPING .. 

• 9 

2.SJ 

KVAPOUATIN<J . 

4r> 

TouACco rim .. .. 

• f 

• I * 

ILLUMINATING AGENTS .. 

-IS 

TA PS . 

• » 

%• I*) 

ITLTEIUNO . 


TYING AND SPLK'IN'Ci 

• « 

.>♦) *» 

EXPLOSIVES. 

r,:> 

TACKLE . 

• 9 

. w « 

FIKLI’KOOKliNG . 

S7 

VELOCIPEDES .. .. 

9 9 

:;s(t 

» i' 

I-XW •• *• •• •» t > 

sj 

REPAIRING BOOKS .. 

9 • 

:isi 

L.VCCiUEUS . 

s:» 

NETTENG . 

9 • 

5SI 

MAGIC LANTKli.NS .. .. 

i*:> 

WALKING STICKS ’ 

• « 

:;i»7 

EI.lC(n'KICS . 


BOAT BUILDING .. .. 

9 9 

4<t7 

'METAL WOUK .. .. 

r 

ANEMOMETERS .. .. 

1 

m 9 

411 

MUSJiWL INSTRUMENTS 

v:t:2 

ANGLES, MEASDIIING 

• 9 

4L; 

I’AC’Kils’G AND STOlllNG .. 

k f i 


1 

P.AUOMETEUS .. .. 

j 

9 • 

4U 

I’EIN'OLATION . 


CAMEIIA LI'GIDA 

• 4 

4.'7 

l'll+:SEUVIXG . 

27*» 

j 

DKNI)i:f)METE!:S .. .. 

0 0 

4.;i» 
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WORKSHOP RECEIPTS.- 


FJPTH SERIES. 


J)lAMO?JI) CrTTINR A.NJ> 
PoMSlll.Wi. 

^ i:KY littlo kljnuii l‘\ the liUf’h.inji, 
</l' ihr roal pro(»»-.s oi *\ 

roi)'j;h juiil :ij[»j'ur<.‘utlv 

iiitn a stoiif iri tlio gioatoEt 
biillMiuy aihl liutic« "I’Ih* 

\\ n u^ht iiif; th»* simio ut* it ]»ass«*‘. 

thro ugh iht; ciittpr^ an*! tin* }M<li.shcrV 
IiaiK^ i> tln‘ roMill a li'iiious, (IillioaU, 
Jiinl iJiily |>riH*('-)S. It la 1 ('iu:\ikaiilo 
the purest diainoiii], thouirh 
p^riPLlly <s‘|iuu lt*ss, vhon ip'1ikp<1 [a 
p“\>tirr, js alw;ns of ii l»lfo k. or klatk- 
a *ay (olour. In .ill tlio <UHT.\tloiis 
• throu'^h a <li.iiUMiui pas^-o.s l]»o 

utiuost .skill aii«l aro 3oijuiit*«l, 

t'\<T\ iletail, f'nun 1 ho prfpiii.ition 

o( tiu* tools to th<* liiiLshiJj'r wliirl of tiio 
pifli^hia^ whool, iloiiiriuhini; a tlior.uii^li 
HcnuaintaiH*p \vit^ tho jiaturo o! ilio 
Slone, As .scarM‘I\ (w (» stoioRs me alike 
in shnj)e, it iioeessarily i'ulU»ws that a 
dillerent treatinent, nuu'e or less vaiied 
aecordinjr to ciministauces, is retjuired 
iu po'ishiiii^ e;u‘h hti)!!**. TIuis, tfce 
eAcellenro AVorkinaiiship (lep{ luls 

ontiiuely uikui the "Oisl ;» 

.skill itft.he jHilisher. It i.s in some eises 
years l»eJort‘ \i man can he entrusted 
with valuaiA' sttmes, and the dilliciilt les 
winch an :i^>jryitiee expenenees in 
iearuiui; iits tnule me so iriMny that it 
IS not Mirjn'isii)cr th-^t, unlike oilier 
met hauieal^'pursuils, the siipjdy of 
^hour '^^’cely ever above that of the 
dftTiffnul. d’he sliifhtest eiTor on the 
]>arl of tiio ojKTutor may utterly ilestroy 
^lie ^"alu(! of a stone, henee men of 
known experience aiul skill are al\vay.s 


in refjne.s(. The wa^es iif a fliainond 
p<‘lish‘r an- far .ihovr lhos»‘of auv tiflier 
n>e< )iaJii< al ))Uisnii, ordm.irv ]»‘*l)sh*‘i> 
:iTi-i cutter-(ai MiJi; wlicuin full ’Wuilc 
tr(»lli to InJ, a wicK. UhI .Is each 
woiKiiian i.s ji.'iid per c.mmI and m»t a 
weeiJv w a.;e (e\e<'pt tie’ appi entices or 
lads), a inan’.s income i^ener.iliy dejieiuLs 

u{»on hi.« iiuln^try and eiK'iL'}'. 

Tn<* art of diaiimnd cutting uas 
almc^^f a secret, or \erv lilth* nndentcKid 
till th( yeai 1 I7i'. when oiu- Ihreheim, 
a re.sidi i.t of lUuee', introdme«l the 
piaiticc* of ii'^ijie di iiinnid ju'wder for 
formnnj; and ladishini; the facets, 
Holland for many yeais enjowd the 
entile imiU<'poi\ of the trade, and t<^ 
this clav’ Am (eul.im i- the j^reaf centre 
of the indmtrv. And aithouirh this 
monop<»Iy has f->r .some \eais been 
fookeii hvMlie estahlishnient in ]a>ud<»u 
and <d e\\ hcl'ei f workshops, yet Jlidland 
still (cuitiunes to supj»lv b<»th the 
v\oikiiu‘n and liuir tools. The latter 
are somowhat roui^nly nnnle, tind inij;ht 
be laij^ely imjiroved uf>oii, although 
theie cam be iU) <]nef>tiou of their adapt- 
al'dity to the uoik It is owinp: no 
doubt to tin^ .''in ill diMiiand in lhi,;cland 
lor the inacldnery and implenieiit.s for 
this special industry which has eauseil 
the total neglect iu their nniiiiifacfure 
by Kiii^lisli meeliauieian.s. At present 
the ilemaiid would certainly not pay fc»r 
their m.'inufiictuiv, hut the attenliun of 
jirattical men mi^iit well ]*o turiu‘d to 
the iniproveineut of tlio apjiliances usc<l 
[iy diainoiiil cutters and polishers. 
While llolhiiul and the Dutch liave kept 
the trade in their ow*n hands, it is the 
Dutch Jews th.it Holland has lo thank. 
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TdAMOND CU'I riN(! ANl> l-OI-TSm^Jf!. 


for tliis cxrliisiw* industry, Tlie tradf 

% 

is almost ontiiTlv iu tho bauds of this 
iiulnsti'inus ]K*ojtK‘, It is owing to tljrir 
rliararterisfic on(‘i*gv and ]>orsrvoran(’o 
thnl. tho trade has sn targrly develnutMl. 
T^» he a lintMl ^Mirkinan on»'* must ho 
steady, doggedly pcrsovoi iiuj., tcMUjiorato, 
industrioiiSj and ji.vinstakin'% and those 
qiialitioations are gonorally found among 
tlie doso(*udants of tho anoiont raoe. 
They arc tJuuadoro wtdl ada)>ted I»y 
nature for the tedious ]>rncoss of iliamoiid 
polishing, and t.lioy have rontiivod to 
keep it in their hands f(»r <*oiitnrios. 
Hatton tJarden aj)pears to 1 m* not tmly 
tile (’(‘iitn* of tlic Ijo’itlon trade, )ujt also 
the mart for tlic sale an I purehasc* uf 
the finishotl gems. 

The first process is what is ealletl 
“cutting” the stone—alheit this 
cutting is really ruhhing. When in its 
rongli state, the stiuie presents a rugged 
appearance, sha[>eless, and full of sharp 
angularities. Jt is the cutter’s wi>vk 
to reduce the indclinible peliiile. to 
sornethiug like sha}>c an<l form, and 
thus render the work of polishing iMsier 
and more expetlitious. Should the 
diamouil pos.sL*,ss flaws—flmt is, spots 
which militate against its coinmeridal 
value—recourse is had to cleaving, in 
which (>]»cration thesi* flaws arc removed 
witliout decreasing to any ctuisidcrahle 
extent the size or value of the stone. 
Cleaving is circctcd by means of a small 
knife tapjied lightly with a hammer, 
'i'o siieces.sfnlly cleave a diamond the 
utmost eare is necessary, and the cleaver 
must be thou)iighly aequainted with 
the fibre of the stone. To an outsider 
there is no smdi thing as a fibre to a 
diamond; to the. cleaver there is, ai? 
unless the knife is placed in one certain 
position the whole stone is likely to be 
spoilt. The diamond is, by means of a 
certain kind of cement, which rajiidly 
hardens when cooling, fixed to the end 
of a stick termed the “ snyder’s or 
cutter’s stock (Fig. 1). This stock is 
fistenod in a sort of vice, and the 
cleaver, placing his knife on the edge 
containing the flaw, gives it a gentle 
tap with a hammer, and the piece is at 
once divided in a similar way to the 


cleaving of slate, Hut it is only wdien 

•T' 1 

a stone <*ontains thesi* flaws tiuit cleaving 

is resortoil to, so that practically the 

fir^t operation is that (»f cutting. This 

is eiVectod by jdiudug two stones to be 

cut (•a<'h in a snyder’s st«'ck, as Ijof'**’ 

described, with flic rough edges of the 

stone to bijcut so fixed that tlie edge of 

llie ()in> may easily be rubljel against 

the edge of the (*t}ier. This is a very 

laborious and tiring -work, and tin* 

< utter is coinpidled to w’oar thick 

lt*allif*r gloNe's. Kxen tliis precaution 

does not pre\ent the rapid giaiwth of 

corns on tin* hands and fingers. Tin* 

rubbing is done o\i‘r a small brass box 

A (Fig. -), wliicli has a double bottom, 

the one alM»vc heing ]>ierced with 

ninnheilcss minute holes, tlirongh 

which the powder ns deposited from 

the rubhing fills into tlio lower box. 

Tins powder is carefully preserved, and, 

mixed with the finest Lucca oil iu the 

propitrlioii of ,'rO drnjis of oil to the 

carat fif pow’der, is afteiwvards used to 

]loli^ll the stoiip.s. In ordt*r to facilitate 

the work, tin* cutter rests the two 

stocks against two pins !», which act as 

a sort of fulcrum. Unieiiall the ruggc^l 

irregulariti<*s of form have been removed 

by the cutler, the stone is handetl to 

anotlier workman, who ]irt»eeeds to fix 

it bv means of molten lead in an instrn- 
* 

ment called tiie “ doji,” which is in 
form similar to the .-uMirn, To the enp 
is attached a length of thick but re- 
markably jdiahle cop]»cr wire, specially 
prepared in Ihdland for this purpose 
(Fig. li). The cup being filled witli 
lend, the diamond is inserted at the 
apex of the little mound of lead in the 
remiired by the polisher. The 
Jipight and size of the mould depends 
upon the nature of the stone, some 
requiring a high and welf^jjfefined apex, 
others almost a glob^\ ^ The dop is 
handed to the polishck* who pniceeds to 
}>laee it in the tWngue (Fig, 4). The 
xvheel upon xtfiich the stones are 
polished or ground is oidinajv 

lapidary's wheel, but much rSiu-^^uc-iire 
is required iu its preparation. There is 
a class of workmen who do nothing elsq 
bwt jirepare the wheels for the jiohkher. 



i)iAMO:^D cuTn^fa A?^i> roLifliTiisn. 


^ large variety of stones arc required 
to reduee the surface of the wheel to 
the requisite fineness, aiol all tliose 
* stones are imported, as well as every- 


rapidly. The tongue is fixed hy means 
of two iron ujirighta in its proper 
])osition, and the surface of the diamond 
to be polished is kept pressing against 




Diamond cutting. 


.ikingpja^onnected witli the trade, the rotary wheel hy means of a leaden 
fi«f(rHolland. In fixing the wheels, weight placed on the broad urface of 
the most perfect balance is required, ns the tongue (Fig. 4). Before tting the 
*hc ^lightest vibration may destroy a stone on the wheel, the polisher applies 
diamond. . The wheel is turned very to the diamond a small drep of the 
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blAMOND CUrriNG AND POLISHlNft* 


l^owilor and oil widl mixed. The <luht 
procured hy the cuttiuEj is never sulli- 
cient for the ])olisht'v’.s use; conse¬ 
quently stones of a very inferior quality, 
and ofjio eoininereiai value as £;cms, are 
first fijround t.(» powder in the inetocr ” 
or grinder (Kig. *>). (■on^ists f>f a 

metal mortar A and ;i iMmroii-like 
jiestle r», which, wln^n worked iipaiil 
down in tlie same way as a churn, 
gradually reduces the stones to powder. 
The pi)wder is thoroughly incorporated 
with the oil, and ])reseuts a thick black 
sticky ajvjieaiauce. But the powder, 
itwmg to its heavy w eight, sinks rapidly, 
and il is oiilv hv constant stirring that 
the mixture i> kept ready for use. The 
dop is so ])laccd on the wheel that the 
j>art to be judished ciunes ilirectly in 
contaid. witii its surface. The revolving 
wheel gradually—very gra lually indeed 
—wears away tlie surface in contact 
with it, and tin; polislier must nse hi^ 
iuilgmeiil as to the si/e and form of the 
facet he wishes to jwoiluce, wdneh, of 
e<purse, depends upon the si/e of the 
stone. In all, tlie stone has to be 
]toIished on b'J surfiees—that is, there 
are on the l.irgest as w’ell as on the 
smallest diamond facets. Tlie facets 
are known as (he table or top, the 
cutlet or bottom, hooks or corners, 
sides, cuds, end facets, and ver.^telietje 
or stars. The wlieel, or,as it is termed 
in Dutch, the **'skyf,” lias to be con- 
tinnaily repoHshed and ground, for 
although the wheel grinds the diamond, 
the diainoud reoauchc grinds the 
stone, consequently in time the surface 
<if the plate is reduced to uneven rings. 
Asa rule, a polisher has four stones 
hand at once, and great care is taken 
keeping the stones perfectly cool. The 
pei'iod of completion varies with the 
size of the diamond, some large stones 
taking weeks to polish. But the same 
care must be taken with small as with 
large stones. As no two stones are 
jirecisely of ilie same dimension**, it 
follows that the sizes of the facets also 
vary. It will be seen what care and 
judgment is required in polishing each 
surf'ice to its requisite shape, size, and 
angle. The utmost care and skill are 


also required in placing the dop to its 
exact angle, so that the skyf produces 
the ]jroppr facet. ' In fact, in each i 
branch of the trade every w'orkman must 
he, and is, well up in his work. Thus 
the la Is w'ho fill in the dops with lehu, 
handle with their naked fingers, with 
the ut^nobt sumj ft'o'd, the hot liquid 
while even in a molten condition. The 
dust produced by the action of the 
wheel closely resembles soot—in f«ict, it 
is nothing hut carbon. Wheu the stone 
leaves the polisher’s liands it Is a bright, 
glowing, hjiarkling gem, and only re- 
((uires .setting in the article it is 
intended for. 


Labels. 

Buttle Labeis. —(t) Ordinary glazed 
l»apcr, jiri'foi’ahly of a >;itron-yellow 
colour, is wipeil over with a damp 
sponge, and then again allowed to 
dry. The ink used for writing the 
labels is prejiared from 3 ]iarts extract 
of logwood and 1 of bichromate of 
}H>t.assium, dissolved in 30 of water. 
After standing until it has become cleaV, 
the liquid is decanted from th'' sediment,^ 
and 2 parts gum arable are then added. 
Wlion the writing has become dry, the 
label is aflixed to tlie receptacle by 
means (if a glue-paste, prepared by 
])oui'iiiga boiling solution of carpenters’ 
glue into a cold prepared paste made 
from ^Yheat-fbl^r and water. When 
the label has bettome dry, it is brushed 
over twice with the same glue-paste, 
tkc second application being delayed 
until the first is dry. Finally the 
'liltel is A%•tui^)hed over with dKmar 
varnish containing 10 per cent, of 
Canada balsam. (K. Triest.) 

(2) Affix n common ]>afer label and 
let it dry; then hcaj;«tlie label (by a 
Bunsen burner of ^ycry sinalf flame) till 
it will just mel^paraiTm rubbed on it. 
The label is absolutely p^tected, and 
looks as if it were enametHi^jm. 
glass. If the neck and lip of the^^le 
and the stopper are similarly treated, a 
perfect airtight joint is secured an^l thi 
stopper never sets, while Uq^uds can be ^ 



LABELS. 


^H)urt*d out witliout running down the 
sides. 

(3) Brush the paper labels uith 
thin size, and afterwards ^^ith the 
ordinary phot<igrai»hers’ spirit varnish, 
er with common w'hite liard varnish, 
a]>plied before the fire. Or you can 
paint the name direct on tlie gl^s with 
JJate’s black (a superior kind of^Bruns- 
wick black), sold by the ]»hoto. dealers. 
A simple Avaterproof cement for labels 
is made by stirring liuseed-oil into hot 
glue, 1 part oil to 3 or 4 of glue, which 
should, 4»f couise, be j)re\iiyusly R4iaked 
and dissolved in water to about the 
consistency used by carpenters, 

(4) Paj*cr labels, attached in the 
usual inanner^ and, when dry, varnishe<l 
over with 2 or 3 coats of good copal 
varnish, will be found to resist almost 
all chemicals excej)t litjuor jM)tassa: and 
liquor s<»da:.^ 

(5) Glass Labels.—When, as will 
soinetinies occur in sudden change of 
weather, or from age, glass bottle- 
Jfibcls drop otlj leaving the resinous 
layer, together with the lettering, 
adherent to the bottle, they may again 
Ix! fastened by painting the glass and 

•label wdth concentrated solution of 
white shellac, and liolding the glass in 
place for a few days by means of an 
elastic band. 

(C) Removal of Encaustic Letters.— 
The signatures, letters, numbers, &c., 
upon porcelain vessels may be removed 
without injury to the glazing, by pro¬ 
tracted polishing with a piece of pumice 
moistened with concentrated hydro¬ 
chloric a^id* The removal is facilitated 
by previously exposing the signatures 
to vapours of hydrochl^c acid. • 

(7) Isabel Varnish.—One of the best 
label varnishes is the fullowing 


Sandarac (iif coarse powder) 100 ]iHrts, 

Mastic 40 

Copaiba .. 15 

Venice turpentino .. 30 

Oil of turi^fcine ,. .. 40 

.PO 

AWdute alcohol.90 „ 

Macerate until solution is eflected. 

PB Olgas with Comino] 


>7 
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or Indian Inks. — Warm the glass to 
120-140^ F., until vapour is longer 
dejtosited. Then liathe the suriace 
with the following vannsli, moving 
the ]>laie as when apjilynig collodiou 
in ])hotogra]>hic w oi k. 'Fhe •varnisli 
consists of 80 giair.s 95 per cent, 
nboliol, b grams mastic in slicets, and 
8 grams damar. The solution i.s maile 
ill a tirmly-<*orke<l bottle i>n the water- 
bath, and tlicn filtered. This varnish 
is very hard, brilliant, and tiansparcut. 
Drawings in common or Indian ink can 
be made on this surface ; after comple¬ 
tion, a thin la^or of gum is added. 'J'his 
method can be used for marking bottles, 
<!esigns for projecting on a screen, or 
for jdiotographic j>urp<7ses. 

(9) A liquid for etching on glass has 
re<*ently been introduced into conimen c, 
and can be used with an ordinary pen. 
It consists 4jf hy<ivot1uoric acid, ammo¬ 
nium fluoride, and oxalic ocid, and is 
thickened with barium sulphate. A 
better ink is obtained as follow's: Equal 
jiaits of the double hydrogen ainnio- 
niuin lluorhle and dried precipitated 
barium suljihate are ground together 
in a jiorcelain mortar. The mixture 
is then treated in a platinum, lead, 
or gutta-percha di.sh with fuming 
hydrofluoric acid, until the latter 
cea.ses to react. (^DintjL 

J^hmt Labels* —(1) In transplanting 
sju'ing shoots, as well as in sowing 
seeds, the gardener often fiMds the 
need of a convenient label, that Avill 
withstand the rain and not get soiled 
with the mud. A w^ritlr in the Ger¬ 
man Ihamojid recommends tlie use of 
glass tubes, in which tlie paper labels 
can he slipped, and the tube corked or 
.sealed. The tubes sliould be 8 in. long, 
and have an interior diameter of J in., 
and be made of (jiiile tliick glass. For 
house plants and conservatories, elegant 
labels can be made irom wider and 
shorter tubes, ojien at botli ends, one 
being closed with a cork, from wJiicli 
the label is suspended by a thread or 
wire ])assed through the cork, the 
other end being used to Itang the tube 
on a branch of the tree or shrub. 

(2) To Fasten Labels op 
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LABELS. 


'I’hp fnllowinj ooniimsition is recom- | 
meudcd - 

Mucilage of tnigaeanth 10 jiarts. 

llouev.lo „ 

I'louf. 1 „ 

(3) Attaching Labels to Tin, Zinc, 
or Gla^s, — Water-glass (solution of 
silicate of ^olla) is recoinineutleil as a 
very good adhehive for this purpose, 
particularlv if the articles are subse- 
<Iiieut]y liable to be exposed to heat. 
Metallic surfaces .should lir.st be rubbed 
with emery juaper before applying the 
]iaste; the label is tlieu jiressed onwitli 
the hand. (/h'Oi/. Zeii ) 

(4) Writing on iletahs.—Take I lb. 
ikilric acid amt 1 oz, murialie acid. 
Mix and shake well together, and it is 
ready for use, L’over the plate you 
wish to mark with nieited beeswax ; 
wlien cold, wiiti* your inscription 
plainly in the wax clear to the metal 
with a sliai'}) iustruinont. Then apply 
the mixed acids with a feather, caie- 
fully tilling each letter. Let it remain 
1-10 hours, aceording to the appear¬ 
ance desired, throw on water, which 
stops the j>rt)ccs.s, and remove tiie 
wax, 

Laboratouy Appahatus. 

Liebii} Condc7isc)\ —-This condenser 
(Fig. 7) is much more compact, and is 
e(iu.iily as etfectivc as the ordinary form. 
Aliich valuably .space is saved, which the 
l;hemi^t may use to better advantage. 
a is a tube about in. diameter, and j 
2u-‘J4 in. I'ing, b is a tube IJ in^ 
ditrneter, closed at the ujipcr (md. 
This tube is fitted to the large tube l»y 
a thick heavy cork soaked in melted 
))arallin. The tube c, which reaches 
nearly to tlie bottom of the condenser, 
serves as an inlet for cohl water, and / 
the outlet for the heated water. The 
tube c, connected with the flask 
carries the hot vapours to the con¬ 
denser, where they are condensed an<i 
delivered by the tube d to any suitable 
receiver. The tube c, which is con¬ 
nected with a cork to the condenser, 


should pa^s up 2-11 in. beyond the cork* 
ti) prevent the condensed vapours from 
passing back into the retort flask. 

If properly constructed this condenser 
is very cfTective, Very little trouble 
will be expcrieucpd by the vapours con¬ 
densing in c, and running back; so 

7. 


f e 



«> 

Lkbig condenser. 


litile surface k exposed to the cold 
atino.s]>heru and cork connection. The 
vapours comlcnsing in h run down the 
w^lls of tlie tube, and are completely 
delivered by the smaller tube </. 

^Vhi.s conftnser is admirably adSpted 
for the distillation of nearly all liquids 
of low boiling points, which do not 
form px]>losive vapours, to^ome in con- 
ta<;t with the flame under ^ic flask g* 
However, highly ^volatile liquids like 
the ethers iiiayebe safely distilled by 
.screeiung the receiver froA^the heat of 
the flame, and by connecting wiAtb ^ 
receiver a safety tube delivering the 
vapours escaping out of a window, or 
through a partition into an adjofaing 

room. 
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• 1 usually employ as a safety con- 

iirction, in the distiilaiion of hia:hly 
vulaiile and combustible liquids, a tube 
coimeoteJ with the reocivor, tlu» ex¬ 
treme end of which dips under meremry, 
coA-^ered witli a layer, 1 in, (leop, of oil 
of a suitable character. This arrange¬ 
ment 1 have f<»und jierfertly safe; any 
es(‘jipiug vapours are absurbe(r b)'" the 
oil, (Chas. 1$. Gibson.) 

Sttjctff Valvo for J^Jxtraction Apjm* 
n(/KS (Fig. 8),—Used very successfully 


6 . 



8.iftty valve for extraction upparatas. 

when it is ye^rablc to run ibe extrac¬ 
tion forborne Hours, at the same time 
the attention beiif)^ devoted to other 
work. The tube a^s conunccted with 
the Lieji^ ns shown, and with the 
•BH.sk 6, which is loaded witli mercury, 
and immersed iu a vessel of cold water. 


and oil. This ap]»aratus perfectly 
safe, as any vapours of the ether or 
benzine, which may not become con- 
deus<>d iu the Liebig and Bask h, will 

‘<*ly bii absorbed by the oil in c. I 
have run this apparatus con^wnuoiisly 
for 124 hours, and have scarce!} boeu 
able to detect even the smell of ether at 

I have no fear of accidents, even 
with higi» heat from a Bunsen burner, 
when tiieso precautions are taken. 
(Cbas, 1>. Gibson.) 

Wire Apparatus for Lahoratorp Usc^ 
—Before the year everything 

known as wire was hammered out by 
Jiand, but at that date or therfuibout 
the art of Wire drauiiiiT was invented. 
Since then the art itas been tleveloped 
and cxjKindeil, i-o that at tlie jtreseut 
lime wire drawing in a leading in¬ 
dustry. and \vc bav^'* Avire fd' every size 
and sliapo made from all the ductile 
metals, and u^ed iu an infinite number 
of AA avs. 

It is not my purjiose to enter into an 
extended treatise on Avire, but simply 
bring to tile notice of the reader several 
new as well as some well known forms 
of laboratory appliances made of wire ; 
anti w hile 1 am conscious that this 
subject is by no means exhausted, 1 
believe that the few examples of wire 
apparatus for the laboratory giv^en in 
Figs, y, 10, Avill not only be found useful, 
but AAill prove suggestive of other 
things equally as good. I have fouud 
Avire invaluable for these and kindred 
purjioses, and have often made jdeces of 
apjianitus iu the iimm that would be 
required to order or send fur them,thus 
.saving a great deal of time, to say 
nofinng of expense, Avhich is no incon¬ 
siderable item iu matters of this sort. 

It is perhaps unnecessary to describe 
fully iu detail each article represented, 
as an explanation of the mauipulations 
required in fonniug a single piece will 
apply to many of the others, 

Formostof the apparatus shown, some 
unoxitlisabie Avire should be selected, 
sucli as brass or tinned iron, and the 
tools for forming tUese articles of wire 
consist of a jtair of cutting pli* rs, a pair 


Auother tulie pass(*s from 6 iuto c, 

Which is partly filled Avith mercury | of Hat and a pair of round-nosed pliers, a 
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fVw <‘v)iu(lrifal tiianilrt^ls of wood oi* metal, ' 
ina<le in diliero.nt bizei;, and a small 
Lftimh vice. Any or all of the arthdes 
may be made in different sizes, an*! of 
ddferent sizes of wire for dillerent piir- 
]>»ses. 

A shows a ]iair of liin;jed lonp;s, 
which arc useful fiir handling coals 
about tlie furnace, for holding jfcoal or 
piece uf jniinice for ldow]iij>c work, aiul 
i'or holding lar^c test tubes and llasks, 
when ])rovided with two notched c<n-ks, 
us sliinva ill 15 and U. Tliosc tongs are 
made by first winding the \virc of one 
half around tlie wire of tlie other half 
to form the joint, tlicu bending eacii 
]iart at right angles, forming on one 
end of each half a hainlle, and u])oii the 
<*ther end a ring. J5y changing tlie 
form of the ring end the t{>ngs are 
adapteil to handling crucibles and 
cu]H‘ls and other things in a nuiflle. 

0 shows ^ pair of s[>ring tongs, the 
ciuistruttiou of whii'h will be fully 
understood without exjilanatiou. It 
may be said, however, that the circular 
sju'ing at the handle end is funned hy 
wrapping the wire around any round 
Vjbject held in the vice ; the rings at tlic 
opposite end are formed in the hame 
way. The best way to form good 
curves in tlic wires is to bend them 
around some suitable mandrel or form. 

I> shows a spring damp for ludding 
W'ork to he soldered or cemented. Jt 
may also be used as a ]>inch cock. 

H represents a pair of tweezers, 
which should be made of good sjiring 
wire flattened at tlic ends. F is a 
damp for mounting microscope slides, 
and for holding small objects to Tbe 
cenmnted or solderetl. G is a ])inch 
COCK for rubber tubing; its noftial 
jiosition is closed, as in the engraving, 
but the ei^ a is capable of engaging 
the loop h, sji as to hold the pinch cock 
open. H^huw*s% damp or pinch cock 
having a wire c hocked into an eye in 
one side, and extendi% through an eye 
^formed ii^ic other side. This wire is 
lio^t at right angles at its outer end to 
engage a spiral d, placed on it and 
^acting as a screw. The open spiral is 
fornjed by wrapping two wires 


parallel to each other on the same 
mandrel, and then unscrewing one 
from the otlier. The handle will 
of course be formed by aid of jdiers, 

I shows still another form of pinch 
cock. It is ]irorided witli tw» thumb 
jiieces, wdiidi are jircsscd when it is 
desired to open the jaw.s. K is a tripod 
stand, formed by twisting 15 wires 
tugether. This stand is used for Mip- 

de saiiil 

bath or evaporating dish, over a gas 
llamc. it is also useful in suppurting 
diarcoal in blowpipe w’ork. 

L shows a stand udjustahle as to 
lieight for snj»j>orting the beak (if a 
retort, or for holding glass conducting 
or comlensing tubes in an inclined ]>nsi- 
tion. The retort or filter stand, repre¬ 
sented in ]VI, is showm dearly enough to 
ret|une no exjilanation. Should the 
friction of the spiral on the standard 
ever become so sliglit as to jierniit the 
rings to slip dow'u, the spirals may be 
bent laterally, .so as to sjiriug tightly 
against the .standard. K shows an 
adjustable test tube holder, adapted to 
the standard shown in M, and capable 
of being turned on a jieculiar joint, so 
as to place the tube in any desired 
angle. The holder consists of a pair of 
sjiring tongs, having eyes for receiving 
the notched cork, as shown in 0. One 
arm of the tongs is corrugated to retain 
the ( lamping ring in any position along 
the length of the tongs. The construc¬ 
tion of the joint by which the tongs 
are .supported from the slide on the 
standard is clearly shiwn in Oa. It 
cousisis of two spiials y h, the spiral 
h being made larger than the spiral //, 
and .screwed over it, as shown in O, 
This lioldcr is very light, strong, and 
convenient. 

P represents a holder for a magnifier, 
which has a joint,/*, similar to the one 
just described. 'J'he slide k is formed 
of a spiral bent at right angles and olV- 
set to admit of the two straight wires 
passing each other. This holder may 
be used to advantage by engravers and 
draughtsmen. Q show's a holder for a 
mierosco])c condenser, the difference 
between this and P being thi^t the ring 
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• IS maJ to roorivt* an uiunounfi'd , 

lt*us. 

K show< a liuiisiMi Idiriifr, fnnuod ot‘ 
a coniiuon Iiurner, havioi; a .snrr"i]jnlwi£: 
tiiliK maile of win* woiiiul in a spiral, 
and drawn apait near tho top of tlic 
Luruer to admit the air, which mingles ^ 
with the gas before it is (•(»!> 

Mimed at tiie upper end of the 
s]>irah 

S represents a eoimector for 
electrical wires, which explains 
itself. The part with a ilonhle 
loop may be attacliud to a* iixed 
object by means of a screw. 

Another electrical connector is 
sliown ill T, one part of which 
consists of a spiral having aii 
eye formed at each end for ic- 
ceivuc’’ the screws which la'^teii 
it to its sn]*j»ort, the otlier ]>nrt 
is simply »straight wire having 
an eye at one end. The con- 
iiccti ni is made by inserting the 
straight end in the spiral. *Io 
increase the friction of the two 
]'arts, either of them may he 
curved more or less. 

A microscope stand is shown 
in U. The inagnifior is sup- 
I>orted in the ring o. The ring 
2 > supports the slide, and tiie 
double ring q receives a piece 
of looking glass or polished 
metal) which ^rves as a re¬ 
flector, 

V shows a set of alunii- 
niutn grain weights in coinnum 
use. The straight w'ire is a 
1 gr. weight, the one with a 
single bend is a 2 gr. weight, 

1b# one having two be.n»'S> and 
forming a triangle is a d gr. weight, and 
ao on. W and X are articles now lit, 
rally turiftd out by the million. It is a 
great convAiieace to have one of these 
inex}>ensTvc little corkscrews in every 
cork that is drawngoccasiotially, thus 
saving trouble of frequently insert- 
•Mlg and removing the corkscrew, 'fhe 
cork puller shown in Y is old and well 
known, but none the less useful for re- 
uAviug corks that have been pushed 
into th%bottle, aud for holding a cloth 


or sponge for cleaning tnhes, llasIxF 
ki\ 

/ shows a stand for test tubes. The 
wire is formed jnt<» series of loops, ami 
twisted togetlur at r to form^lei^s. A 
vejy useful snpj)ort for flexible tubes is 


shown in J, It consists of a wire 


n. 



formed into a hmp, and having its ends 
bent in ojq»osite directions to form 
spirals. A rubber tube supported by 
this device cannot bend so short as to 
injure it. 1^1 ost of the articles de¬ 
scribed above may be made to the best 
advantage from tinned wire, as it 
possesses sutlicicnt stillness to s]'ring 
well, and at tiic same time is not so 
stiif as to prevent it from being bent 
into almost any desired form. Besides 
this the tin coating protects the wire 
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from corrosioii and gives it a good | 
appearance, ((ieo. ]\I. Hopkins.) i 

Wash-bottle ,—Hy this sitnj)Ie device ' 
(Fig. 11) tlie wasliing of jjreoijdtates 
and the cleansing of vessels used in 
the procjss of analysis, wliich beiore 
required the line of the ordinary wash- 
bottle, can now be done with much i 
more facility and in a shorter time. It i 
consists essentially of a thiu glass llask ' 
(\ placed about .*> ft. alxive the level of 
the wc»rkiiig desk, ami (dosed hv a .'J hole 
rubber stopjier. Tlirough one of tluj i 
holes issues a rubber tube I) (or glass 
with rubber connections), descending to 
the desk and ending ui a ^glass noz/le. 


A Bunsen burner H is placed under-* 
noath the ilask, and the water can be 
heated when it is so desired. Hot 
water as W(dl as cold cfiu thus be used 
ill treating precijdtates. Other solutions 
can be employed equally as well as 
water. (See bottle P\) 

The advantages of this system are: 

1. Tue saving of imieh time and 
consequent labour attending the use of 
an ordinary wash-bottle, especially where 
st'vcral analyses are carried on at the 
same time, the exertions required by the 
mouth and lungs being thereby avoided. 

2. No air exists in the tube, as in 
an ordinary w'abh-buttle, and cun- 
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Combined water-bath, percolator and bMU. 


Connection is made by a sei'orni hole in 
the stopper with a reservoir bottle A\ 
placed above the top of the wash-bottle. 
In the tliird hole is ]daced a glass tube 
bent at an angle to keep out dust. On 
tilling the flask from the reservoir—the 
flow being stopjxxl by a pincli coc.k— 
the water is started by suction from 
below', and the stream through the 
nozzle can be regulated or stopped at 
will by a jiinch cock placed conveniently 
to the hand, the height of the water 
flask furnishing the pressure, which is 
sqstained by the siphon. 


scffuently the full foi'ce of the liquid is 
utilised irninediately. 

3? When ^ked with a wash solution 
of ammonia water, no trouble is ex{>eri- 
enoed with free ammonia, which ordi¬ 
narily is quite hurtful to the mouth and 
eyes, * 

The large bottle with tlie accom¬ 
panying tube sheyvs a convenient ar¬ 
rangement for holding any s^tion and 
delivering the same. (H. B. Battle.)*,, ^ 
Water-Bathj PercoiatoTj and J^Ul 
Combined, —Figs. 12, 14, show Fenner's 
combined apparatus ythich. cfui ]De 
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^ Ss d wfttcr-bath, a jiorcobitor, a still, 
and evaporator, for making tinctures, 
fluid extracts, solid extracts, infusions, 
syrups, &c;., and for distilling, evaporat- 
ing, &c. 

Cements and Lutes. 

(ii. C2-111.) • 

Acid-proof.— 00 See (I). This 
cement is not at all attacked hy hytlro- 
chloric, and but very little by nitric 
acid. When heated it softens but very 
little. It does not easily dry upon tlic 
surface. If this (‘cinont is mixed with 
-L of its weight of litharge, or minium, 
it dries up iu the course of time, and 
becomes hard. This is known as “ ISeii- 
icke’s Cement. 

(10) A luting which will resist acid 
vupouTB and chlorine, even at a high 
temperature, and is tlius applicable to 
chlorine and hydrochloric a])paratiis, 
may he j>re])ared hy mixing three parts 
by weight of fine dry clay with one 
j>art by weight of the resuluo left from 
the distillation of glycerine. This mix¬ 
ture docs not lo.se its plastic properties 
%vcD at a high tomperature, hut is not 
suited for use where it might he exposed 
to atmospheric changes, since the glyce¬ 
rine which it contains absorbs moisture. 
Hence it should be prepared immediately 
before use* 

Bottle. —(12^ The balsam of Toln, 
which has been used for preparing the 
syrup, has hitherto been utilised only 
in making a varnish for pills, and it 
therefore accumulates iu course of time 
to a co'isiderahle extent. A composition 
useful as bottling wax may he prepared 
by atirring into the incltcdcU>alsam^ne- 
lenth its weight of levigated bole. It 
sets quickly, with a fine glossy surface, 
and is less brittle than the wax generally 
employed. »A mixture of residual 
balsam, amber resin^ of each four ])art8 ; 
Venice turpentine, vermilion, of each 
1 part; melted together and well 
stirred, «^rms sealing-wax of very fair 
^Ifality. 

Cap.—(10) 8ou!an*s. Make the 
' foljpwiiig solution:—Purified resin, 7 
dr.; etl^r, 10 dr.; collodion, 15 dr. 


Siiflioicnt auiliiio red. Dissolve the 
resin iu tlie ether, mix it with the collo¬ 
dion, and colour to taste. All that is 
necessary to apply the mixture is to dip 
the cork and the top of the bottle in it, 
turning it for an instant in ?he hand 
while the composition dries. The result 
is a semi-transparent varnish of pleasing 
ap})earance, especially if the cork ofllie 
bottle Ls previou.sly sealed on top with 
sealing-wax. 

Casein. —(7) Hy heating milk with 
a little tartaric acid, the casein is coagu¬ 
lated. 1'his casein is then treated wdth 
a solution containing six parts uf borax 
to one hundred ]iarts of w'ater and 
warmed. It sjieedily dissolves and forni.s 
a very tenacious, durable, and inex])eu- 
sive adhesive medium. 

Cutlers^. —(9) 16 oz. rosin, 8 oz. 
su1]ihur; nicdt, and when cool reduce 
to ])OWi]er. Mix with this some fine 
sand or brick dust, and use ns stated. 
(JO) Take a portion of a quill, jmt it 
into the handle, warm the tang, and 
insert it into the quill in the handle 
and press it firmly. This is a simple 
method, and answers the purpose re¬ 
quired very W'ell. 

Glass. " (lO) Best isinglass, 1 oz., 
strong acetic acid, :» oz.; put in a glass 
bottle, and dissolve hy standing iu hot 
water. Will join glass, china, &c., &c. 
Slake the edges of the pieces to lie joined 
hot, and apply the fluid cement. When 
cold this Cement is solid; it iiiust he 
made hot for use. (11) Equal parts of 
w heat-flour, finely-jH)wdered glass, and 
chalk; add half as lAuch hrickdust, 
■scraped lint, and white of egg.s; mix to 
a proper consistency with water. This 
will resist heat. (12) ToJ-pintof milk 
])Ut a sniHcient quantity of vinegar to 
curdle it, separate the curd from the 
whey, and mix the wdiey W'ith the whites 
of four eggs, shaking the w'holo W'ell to¬ 
gether. When mixed, add a little quick¬ 
lime, through a sieve, until it acquires 
the consistency of a paste. This cement 
dries quickly, and resists the action of 
fire and water. 

Glass to wefa/j?.—(H) One of 

the best cements for uniting glass to 
I other substances is prepared by putting 
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the very ;unl purest ^nni nnibio | 
into a sinrill quantity of water, amt i 
it till next <Iav, when it should I 
be of the <’i)jisisteii''e of treaeK*. (*aloin< 1 ' 
(ni(;reiin»us chloride o)‘ MiI)-cliloride <d’ 
ineriiurvb U lluui aihh‘d in a suitable \ 
(juautit.v, enoiiLjh to make a sticky mass, , 
tiein" well mixed on a uUli i 

a spatula. No more is to be made tiian 1 
that required bn* iuimeilialo use. The 
eemont luirdeiis in a lew hours, hut it is 
wiser to leave it to itself for a day or 
tw<». To (‘iisure success it is iieeessarv ' 

4 

to use only the best i;um ; inferior sorts 
are ab*<olutidy useless, (1-) Wieder- , 
hold recommends a fusible metal, com- i 
po.sed of 4-jiarts lead, 2 jm'ts tin, and 
parts bismuth, wJiich meJtsat212'’ Kahr. 
The melted metal is poured iuto-lhe 
ra})sule, tlie ^hlss jircsseil into it, and 
then allowed to cool slowly in a warm 
j)!aee. (Id) tkiilletet de^enbe^ a prot'os 
of stddcriiu,; l^lass and pm*ei‘laiii to 
metal. Tlie glass tube to lie soldered is 
first covered with a thin cnafiiig of 
platinum or silver, by treating it with 
A film of platinum <‘hloride or silver 
nitrate, and Iieatiug to dull red. A 
ring of eo]»per is next clectiN»-de])osited on 
the plntinised tube, wdiich can then be 
soldered like any ordinary metallic tube. 
Solderiiigs etlected in this manner are 
said to bo very strong. The top of a 
tube attached to (^ailletct’s ajiparatus 
for liquefying gases terminates in a 
soldered cud and successfully resists 
pressure over .'500 Atmospheres. 

Glue. — Bril. QO Bsy pocket glue 
is made from 1‘? of glue and 5 

parts of sugar. The glue is boiled until 
entirely dissolved, the sugar is dissolved 
in the hot glue, and the mass is evapor¬ 
ated until it h.ardeus on cooling. The hard 
substance dissolves rajiiilly in lukewarm 
water, and is an oxcellent glue for use 
on jiapor. (6) Take J lb. of very best 
Scotch glue, melt it in a clean glue pot. 
When quite dissolved, pour off the clear 
part into another glue ]>ot, add | pint 
boiling water, well mix. Then add 2 oz. 
best moist sugar; well mix the whole 
together, at the same time keeping it 
quite hot. It may then be cast into 
moulds, or poured gently on a marble, 


or .si one, or slab. When nearly .set, cut, 
into strips for use. It is reaily for use 
by moistening the strips with the tongue. 

It sliuuld he koj>t in boxes with a little, 
})owderetl sugar t)r f-tarch. This glue 
will l»t* iouuii both ehea]i and effective. 

It js much stronger than paste or 
gum. 

Hot'-water pipe joints.- 0) 

lilt! best jiaeking for ca.st-iron socket 
hol-water ]u))cs is yarn and white and 
rt d lead (i)est white hem]t yarn jire- 
ferred). used in the followijig maimer :— 
I'irst caulk home abmit one round of 
yarn, then jmt iu a ring of red and wliitc 
lead ahout ^-iu. diameter, ilieu caulk 
Imme anotlicr round of vavn, and cou- 
linue this iilteniately until the socket 
is filled up to alxtnt J in., then finish off 
with wet iron boring.s, with a small 
(luaiitify of sal-aiiuuouiac in it (1 oz. 
to J cwt. is suflicieiit.) ; let the yarn be 
in one continuous lengtii fn>in the com- 
niencement to ^ini^h. Some use all 
borings and sal-ammoniac, but this is not 
.safe, as the rusting of tlie borings ex- 
ponds so mueb that it often bursts the 
sockets iff pipes. (2) 2 parts of ordi¬ 
nary well-dried pow<Iered loam aud ^ 

\ jiart ol borax are kneaded with the 
re((uisite qunnttfy of water to a smooth 
dough, which must be at once ajiplied 
to the jidiits, Afrer exjiosurc to heat, 
this cement adheres even to smooth sur¬ 
faces so firmly that, it can only be 
removed with a chisel. (.’5) Mix 4is0 
]>arts in Aveiglit of white lead, 520 of 
powdered slate, 5 of chopped hemp, and 
45 of linseed oil. The two powHlei s, and 
the hemp cut into lengths of } in. 
are mixed, and the linseed oil is gradu¬ 
ally added ; the moss is kneaded till it 
has J?ssume(?a uniform consistency. This 
cement is said to keep better than the 
ordinary red lead cement. 

Iron. —(18) A permanent and du¬ 
rable joint can, it is said, bemade between 
rough, cast-iron sir/faces by the use of 
asbestos with sufficient mixed white lead 
to make a very stiff putty.*" This will^ 
resist any amount of heat, and is un 
fected hy steam or water. It has been 
used for mending or closing cracks in 
cast-iron retorts that were used fur 'the 
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, 4 listiUi\tioii of tal ami gas froai cainicl 
r,oal. The heat being npjtliod to the 
}>c)ttom of retorts and the tem]ieinfnre 
of iron maiiitained at n bright led heat, 
after a time the iMittoin of the retort 
would eraek, the larger ]<iiriiou ofihe 
eraek being dou award titwards the fire. 
The iiiolhod employed A\as to jj)re]t:u'e 
the mixture, and jjlacc on toj) a hriek, 
tiien plaee the Ijriek on a liar of iron or 
^hovel and pi’es.s tbe eement nj»\\ard to 
till the ci'ack in the iron, lutlding it for 
i;*>ine time until it had juiietraled tlie 
cavity, and somewhat set. Of eouise, 
during this operation, the cap uns re- 
inovecl fj-oni tlie retort, so that no ]ires’- 
snre td’ gas or oil ftirced the eemeiit out- 
w.ard until set. (10) Stir into 1 jinrt 
of sweet t>[] anil 1 ]>art nf molasses, ] 
j>art each of barytes, A’eiietiaii rod, 
litharge, and red le?ul, and li })art eaeh 
of plimd>ngo, ]*aris white, aiul yellow 
oehi’c. It takes .'-rveral linurs to]irepaie, 
but will remain ]>las1ic for years. 

XiabelS.'—(--) Leliuer ]»nldi>hrs the 
following formula for making a liquid 
paste or glue from starch ami a<’i<l :— 
Place 5 lbs. of potatt» start h in <1 lbs. 
(*1 quarts) of water, and add J lb. of 
■* J ure nitric acid. Keep it in a warm 
idat'e, stirring frequently for 4S h<niis. 
Then boil tlu* mixture until it forms a 
thick and ti'anslncent substance. l>ilulc 
with water, if necessary, and filter 
through a thick^cloth. At the same 
time another paste is made fioni sugar 
and gum-arabic. Di.ssolve r> lb, gum- 
arabic and 1 lb. sugar in 5 lb. of w*atcr, 
and add 1 oz. of nitric arid and heat to 
boiling. Then mix the ahi>\ft with J^hc 
starch ]mste. The result nut j)astc is 
bq^jcl, does not mould, and dries on 
pajter with a gloss. It is"*useful* for 
lahels, wrappers, and fine Lookhinders^ 
use. (23)^'apcr })asted, gummed, or 
glued on metal, e.spccinlly if it. has a 
bright su^acc, usually comes oil* on the 
slightest provocatifKi, leaving the ad¬ 
hesive material on the back of the paper, 
a S’: . face bright and slippery as 
The cheaper description of clock 
dials are printed on paper and then 
^stnek on zinc; but for years the diffi¬ 
cultly was to get the paper and the 


metal to adhere. It is, lic»w'ever, said 
to be now overcome by (lipping the 
metal into a strong and hot solution <tf 
w nslnng sodo, af’tprw\ards rubbing 
jiertectly tlry with a clean rng. (hiiou 
jni(*e is then a})plied to the s’lrfacj! <»f 
the metal, and the label iiasted and 
iixed in the ordinal y waj’. It is said 
to be almost impossible, to sejtaraie 
jiaper and metal thus joined. (24) 
Dissolve 1 oz. gum tragacanih and 4 oz. 
gum-arabie in 1 pint w ater; strain, 
and add 14 grs, thymol suspended in 
4 oz. gh covine : finally add winter t<» 
make 2 pmls. This makes a thin past<» 
suitable fnr labelling Ijottles, v'oodeii 
01 tin l)OM‘s, or for any other jnirpose 
pa.ste is ordinarily called f<u\ Jt makes 
a good excipient 1 << 1 * pill-masscs, and 
does nicely for emuLioiis. The very 
small ]>ereentage of tin mol ])resent is 
iu»t of any conse(|iieuec. This paste 
will keep sweet indefinitely, the thyimd 
preventing fermentation, Itw'il! separate 
on standing, but a single shake will mix 
it sutliciently for use. (2b) 4 oz. rye 
flour, ^ oz. jiowdered gum acacia. Ilul> 
to a smooth ]»asle w’lih 8 oz. of cold 
water, strain thnmgh a cheese chdh, 
and ]>our info 1 j>int of b<nling water. 
(Vtntinue the heat until thickened to 
suit. ^Yhen nearly cold add:— 

m 

] OZ, glvceiine, 20 dro]»s oil cloves. 
Th is is suitahle for tin (tr wooden Ixtxes 
or bottles, ami keejjs sw'cet for a long 
time. (20) 4 <iz. rye flour, 1 jtint 
water, I dr. nitric acid, 10 minims 
carbidic acid, 10 minims oil cloves, 1 oz. 
glycerine, IMix the fiour with the 
water, strain through a cheese cloth, 
and add nitric acid. Apjdy heal until 
thickened to suit, and add other in¬ 
gredients when cooling. This is 
suitable for bottles, tin or w'ooden 
boxes, and will not spoil, (27) 8 parts 
dextrin, 2 jairts acetic acid, 2 parts 
alcohol, 10 parts water. Mix dextrin, 
water, and acetic acid to a smootli paste, 
then add the alcohol. This makes a 
thin paste, and is well suitM for 
labelling bottles and W'oodcn boxes 
but is not suitable for tin boxes. 

Microscopical. —(2) According to 
Dr. L. Ilcydenreich of St. Petersburg, 
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the best cover-glass should be :—Ist. 
Absolutely hermetic, and should not, 
under any circumstances, require re¬ 
newal every year. Two nr three coats 
of the cement, ajqdicd at short intervals 
after an object is mounted, should ])er- 
mammtly .secure and ])n\scrve the object. 
2nd. It should be as bard as glass, or, 
if possible, harder. 3rd. It sliould not 
crack nor become'detached, and should 
be so solidly a<lherent as tt) be less 
likely to break than the glass to wliich 
it is attuclied ; and 4th. It should be 
insoluble in water or glycerine, or in 
any liipiid used as an inunersion inedinin 
wdth objectives, Notwithstainling the 
large nuuibor of cover-glass cements 
already known and iu u.se, he thinks 
another sliould be sought for—one 
whicii shall cimfiuuii t4> the foregoing 
requirements. We liave commercial 
varnishes, which are very hard and 
durable. Some of them, used iu the 
linUhing of carriages, are found, after 
the lapse of a year, to be in the same 
(‘oudltion as when first applied. The 
v.'trnish used on tin pans in allmineu 
factories ivmains unchanged i'or a vear, 
although subjected daily, for many 
hours, to a temperature of UKi'^ It. 
(237® Fahr.) These and similar 
varnislies are made resms, <‘opal, or 
amber. Of all resins, amber and some 
kinds of eoj>al arc the hardest. Copal 
varnish is both hard aiidtdastic; amber 
varnish is harder than copal, but nut 
so elastic, and is, consequently, more 
brittle ; hence, for a cover-glass cement, 
a mixture com|>osed of both should be 
used. Only the best .and dearest kinds 
of amber fthe opaque ]>ieces contain 
various kinds of minerals), and only the 
liardest kind of copal—that is, the 
Kast-India or Zanzibar copal—should be 
selected for cover-glass cements. Zanzi¬ 
bar copal is taken from the earth in 
flat, disc-shaped pieces, varying in 
dimensions from the size of a pea to 
the size of the human hand ; is colour¬ 
less, yellow, or of a dark red-brown 
colour, and transparent; the surface, 
rough. Bombay copnl comes in larger 
pieces, is of a yellowish-red colour, has, 
when broken, a smooth, glassy surface, 


and but very slightly inferior 
(luality to the copal ofZanzibar. Sierra- 
J.eone copal comes in small, ball-shaped 
juecch, about 1 in. iu diameter, or iu 
j>icces resembling drops in shape. All 
the othiT kinds are softer than those 
just <loscribed. The l)Cst solvent for 
resin, rial the one whicli po.s.sesses tho 
most adhesive quality, is linseed-oil 
varnish, made of pure, oM linseed oil. 
Neither alcoliol, ether, chloroform, nor 
any other quickly evaporating men¬ 
struum sliould be used, lu order to 
hasten dosicca(ii»n of the resin, and to 
obtain for the I'ement tlio jiroper 
consistouev* an etliercal (»il nliieh, upon 
drying, will leave a surface ]>i*rferi ly 
even, should be addled to flm mixture; 
and oil of lavendiT, either alone or 
mi\ed with iiuseed-oil varnish, is 
suitable for these purp(tscs, Tlic re.sius 
being thus dissolved in^ linsoed-oil 
varnish until the solution attains the 
consistency oi' syrtjp, oil of lavender 
shouhl be addtM] until tlie ini.\ture 
becomes thin enough to use in mount¬ 
ing inicro.sco[»i(fil (dijects — and the 
cement is /inisiie l. The jiroperty of 
adhering *0 glass is incrcaseil in the 
cement by adding to it a small quantity 
of cinnabar; Imt stich addition c<ause8 
it to dry b'ss rapidly. In a week from 
the time of using it the cement beeoine.s 
tirv, and so firm that tho finger-nail 
will make hut a slight impression 011 
it. For mouths it remains in this 
condition. At the expiration of a 
year it is Very hard, an<l has a glassy 
surface. 

<3o much for the com])onent ]parts. 
The prepar.'ition,of this cement being 
Non>^nvhat ^cflieult it xvould perha};. be 
advantageous to buy the varnishes ready 
made, and then proceed as follows 
taking equal parts of the beit, clearest, 
and hanlest amber-varnislr and copal- 
varnish, mix them^ and heat^ until all 
the turpentine disap]>e;u’ed. This 
will require a temperature of 100® to 
1.30*^ R.{257®-370® Fahr.). soon as-* 
all the turpentine has evaporated, W- 
move the dish from the flame, allow it 
to cool somewhat, and then add oil of' 
lavender to tho liquid iu pr<^ortion of 
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% to 1; mix well, ami allow the entire 
ma.MS to tlnu’oujthly. The jirocoss 
is teTiiiiiialcd by adding fjoin liO per 
rent, to4-0 per rent, ofartifieial einnalmr 
(roMii with rinnahar), which shouhl he 
very rarelully and thorouglily rnhbed 
ill. Tlie best method for ruhbiiicr in the 
riiinabar U that eiii{>lo\e(l in tl%> pre- 
paratioii of fine oiUpaiiits. Should the 
rcmcnt when tiiii’^hed be too thick for 
use, as iniu'h oil of lanmder as will jjive 
tlie re([nired fluidity may he added. 
The comjMtnent parts and their jnojior- 
tions would then he as follows ; — 

Amhrr . *2r» jcirts 

(%tj>al . ‘J5 

Linseod-oil varnish .. 50 

Oil of lavend(M‘ .. ,, 50 00 

Artificial cinnaliar 4-0 00 


Dr. lleytlenreich conlimics his nrtu-h* 
by describing the manner in w hich the 
cement should be applied, but ns his 
method is the same as that cniploye<l iu 
the use of Canatla balsam and other 
covcr-^lnss remeiits, and, consequently, 
familiar to all microscopists, it is not 
necessary to make a note of it. However 
hi advises, in order to secure a iierfert 
%noiint, that a second rin^ ho nnuie after 
the first or second week freon the time 
of mounting; and a third, after the first 
or second month ; each additional ring to 
be slightly wider than the ja*ece<ling one. 

Rubber to metal. —For cementing 
rubber or guttii]>ercba to metal, Moritz 
<iroKsman, in his “ Year F>ook ” for 
gives the following roceijit:—Piihcrised 
shellac, dissolved in ten times its weight 
of pure ammonia. In three clays th^ 
mixture will he of the required consist- 
cncy.« The ammonia pene^jates 
rubber and enables the shellac to take a 
firm hold, but as it all ex'ayiorate.s in 
time, the rubber is immox^ably fastened 
to the metal, twid i^oither gas unr water 
■will rcmov*it. 

Bubber and GutVapereba— (a) 

In making a cement one should know 
"f'retty thoioiighly W'hat is to ho ex- 
peMKd of it before they could advise 
upon it. For instance, an ordinary 
iKibb^ cement will hold on a host of 
difTerent surfaces and with the best 
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of success, except where there is con¬ 
tinued danqmcss. For holding to damp 
walls, or suvl'aces where theie is a con- 
.slant j)rcssure of moisture there is 
juithiiig equal to .lelVre)’s luaviye glue, 
tlie foiinula for W'liich has he<-n pub¬ 
lished and rej>uhlished all over the 
world. It consists of—1 part nihher, 
Hi parts coal tar, and t! parts asphnl- 
tum. The rubber, afler having hcMi 
massed, is dissolved in tlie inulistilled 
coal tar, ami tlie asphaltum is then 
aihled. This glue, as its name indi¬ 
cates, is oftentimes ii'^od for mending 
articles at sea, or patihes, for instance, 
that me to he laid on sin faces that are 
to he under water, an«i it has been 
found to hi* a nuist excellent tiling. 

(5) Of glass c'cnieiits there are a 
gii-ut maii\, rubber as a rule Itciug 
disSoUed in some verv vo\itile soheiit 
and some haul drying gum is addml. 

O') A guttapi-rcha cement for leather 
is obtained )>y mixing the following. 
It is used hot. fluttajiercha, ItK) 
jtarts; black jdteh or asplialtum, 100 
j'arts; oil of tiir)K'ntiiu', 15 jsarts, 

(</) An clastu* guttajxTclia cement 
espetialh useful for attacliing tlie soles 
of boots ami shoes, as on account of its 
gi eat elasticitv it is not liable to break 
orciatk wlieii bml. To make it ad- 
liere tightly, tlie Mirfacc of the Icatlier 
is slightly rougheiieil. It is jirejiarctl 
by dh-solving lo jiarts guttajiercha iu 
100 of biiiziiic. Tlic clear solution 
from this is tlien ])oured into another 
bottle containing lOO pajts linseed oil 
varnish and well shaken together, 

(c) Good rubber cement for sheet 
ruliber, or for at(a<‘hing luibber mate¬ 
rial of any descrijdion or shape to 
motnl, may be mmie by softening and 
dissolving sludlncin 10 limes its weight 
of water of ammonia. A transparent 
mass is thus obtained, wliieh, after 
keeping 5 or 4 wei‘ks, becomes liijnid, 
and may bo used without requiring 
heat. When applied, it will be l«und 
to soften the rubber; hut when the 
ammonia has evaporated, it forms a 
kind of hard coat, and causes it to be¬ 
come impervious to gases as well as 
liquids. 


o 
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(/) univ(‘vsal (‘emont is mail 

by melting 4 junrts conimnn jiitcli with 
4 of gnttJi|M*n*ha in an iron vessel, and 
mixing well. Jt must lit* kept 
under vator, or in a dr)% hard slate. 

(*/) A very adhesive eenient, espe¬ 
cially a iapteil for leather <lriving bidts, 
is made by taking bisulphide of carium 
10 j»Arls, oil of turpentine I ]>art, and j 
dis-sohing in this Milll<ient t^ntta- i 
jH‘r<dia to form a paste, d'iie manner ! 
of using tliis eeimuit is to remove any | 
gri'a'^e that may be present (oi the | 
leather hy ]dacing on the leather a ! 
piece of rag and then rubbing it. over ' 
with allot iron. The rag tlins absorbs • 
the grease, and the two are tlien 

nmghened and the cement lightly j 
spread on. 'flie two jiieees are tlien 
joined, and subjected till dry to a slight 
jn'essiirc. 

(A) A solution of guttapercha for 
shf>einakers is made by taking jdeees of 
waste gutta]»ereha, first prepared by I 
soaking in boiling water till soft. It is 
then cut into small ])i(!ces, placed in a 
vi'ssel, covered with coal tar oil, lightly 
corketl to prevent evaporation, and 
allowed to stand for 24 hours. Jt is 
next melted hv standing in hot water 
till perfectly tluid, and well stirred, 
llefore using it. inu^t be warmed as 
before, by standing in hot water. 

(/) A eemeiit for uniting rubber is 
composed as r4»IIows: 100 parts limdy 
ciio]tped rul)ber, 15 of resin, 10 of 
shellac; tliese are dissedved in bi¬ 
sulphide of citj'bon. 

(j) Another rnhher cement is made 
of 15 gr, rubber, 2 oz. cblorofonn, 
4 ilr. mastic; tirst mix the rubber and 
chloroform together, and when dis¬ 


oil. It is then kept till thoroughly 
dissolveil, and of a thick consistency. If 
it turns out too thick or thin, suitable 
quantities must be added of cither 
material to make as required. 

(/) An clastic cement is made by 
mixing together and allowing to dis¬ 
solve foe following: 4 oz. bisuljdiide of 
carhon, 1 oz. line rubber, 2 dr. isin- 
ghi'^s, > oz. guttaperclia. This cement 
is used for cementing leatlier and 
rubber, and when to be used the leather 
is roughened and a thin coat of the 
cement is appbed. It is allowed to 
compb‘tely dry, wlieu the two surfaces 
til be joineil are warmefl and then placed 
togetlierand allowed to dry. 

(fu) t'ement used for repairing holes 
in ruldxM* b<»ots and slioes is maile of the 
following solutiiiii: (I) (’noulchi»uo 10 
jiarts, chiiiroform 2S0 jiarts. Tliis is 
simply prepared by aiMowing tho 
caoutchouc to dissolve in tlie chloro¬ 
form. (2) ('aoutchonc lo ]»arts, resin 
4 iiarts, gum tnrpentiuo 40 parts, 
Ki r this .solution the caoutchouc is 
shaved into small juecos and melted up 
with the resin, the turpentine is tlien 
added, ai. 1 all is then dissolved in iliu 
oil of turjientine. The two solutions 
ai'O then mixed togetlier. _ To re]>air 
the sht>e xxith this cement, first wash 
the hole over w'ith it, tlien a piece of 
linen dippeil in it is ]daeed over it; as 
soon as the linen aAiorosto the sole, the 
cement is apiilied as thickly as required. 
(CVtem. 2rat/if JL) 

Stone.—(II). The following metallic 
cement for repairing broken stone was, 
^cciording to Profe.^sor lirune, of tho 
School of Fine Arts, used in the resto¬ 
re'ion colonnade of the li^>urre, 


solved the mastic is added in ])owder. 
Jt is then allowed to stand by for a 
week or two before using. 

(fi) Cement for sticking on leather 
pateheB and for attaching rubber soles 
to boots and shoes is prepared from 
virj^u or native rubber, by cutting it 
into small pieces or shred^iing it Uji; a 
bottle is filled xvith this to about 
1-lOth of its cjqiacity ; benzine is then 
poured on till about ^ full, but be 
certain that the benzine is free from 


of the Pont Neuf, and of the Consei'va- 
toire des Ai'ts et Metiers. It con.Hists 
of a powder and a liquid. •'The powder; 
—2 parts by weight o»ide of zinc, 2 of 
crushed grit, the^whole intihiately mixed 
and ground. X)chre in suitable pro- 
]iortionB is added as a colonring mutter. 
The liquid:—A saturated solution of zirtSKi^ 
commercial hydrochloric acb^** to 
which is adder! a quantity by weight, of 
hydrochlorate of ammonia equal to m#e- 
sixth that of the dissolve!^ zinc. This 
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liquid is dilutt^d with two-thirds of its 
bulk of water To use the cement, 1 lb. 
of the powder is to be mixed with 
pints of the liquid. The cement hardens 
very <iuickly and is very strong. 

Cooling, (iv. 53-87.), 

Wat6r .—Frccziwf Mixtitrcs. —(30) 
A liquid invented by Kaoul Tii'iet, of 
Genera, for use as a disinfectant, 
answers W'cll as a freezing mixture fur 
Itardcning niiuroscopical spec.itne.iis. 
Sulj»hur dioxitle and carbon <lio.\i'le, 
having been mixed and cooled, arc 
eoinpressed until they an; liquid, and 
stfU’ed in siphons. When liberated, they 
rajiidly evaporate, with great reduc¬ 
tion of teiiiperaturo. liy this means 
mercury may be frozen, and animal or 
vegetable tissues rendered solid in a few 
seconds. It ii> as easily managed and 
more effective than ether,the odour being 
tlift princijal objection. 

(31) According to Cailletet and C<»lar- 
dcau, flocciileut carl)oiiic aehi U eajiablc 
of cooling bodies down to — tU)^ C. at 
the ordinary pressure of the atmos]>here, 
an)! down to — 70° O. in a vacuum. If 
file solid carbonic acid is mixed with 
ether, the temperatures arc —77° C. and 
— 103° C. If chloride of metliyl is used 
instead of ether, there is obtained a 
temperature of — 82° C. at the pressure 
of the atmosphere, iftid of — lttG° (h in 
a vacuum, which is equal to 190° below 
freezing, or 138° below zero on Fahren¬ 
heit’s scale. 

(32) Themost commonly used mixture 
for obtaining, on a small scale, temper-* 
atures between — 20° and — 40° C. is 
that fltf snow and commercial hydro¬ 
chloric acid. Since diluted sulphuric 
or nitric acid can by similarly used, it 
was thereby Aiggested that one might 
utilise for this*i>ur^ose the mixture of 
equal volutifbs of string nitric and 
sulphuric acid which haiLbeen employed 
in a Grove battery and for which there 

' ^as little further use. Wiion first made, 
the*^izture of acids has a specifiG 
gravity of about I * 63, and when spent 
aftf)uti’57, 

, llachman undertook to ascertain in 


what mixture this spent acid can be best 
employed for obtaining a freezing 
mixture. The temperature of the 
atino.'iphere in which the trials were 
made ranged from — 2° to -P *JP and 
in each instance the acid was brought to 
the temperature of the air before 
mixing w'lth the snow. Diluting the 
acid wdth diiVerim; amounts of water 
and mixing these with snow, it xvas 
found that tlic iiiurilutod acid and that 
diluted with one-tenlh of the volume of 
water gave equal diminution of tempera¬ 
ture. Any large addition of waiter les¬ 
sened the cooling effect. The following 
results Were obtained :— 

CO. prauimcB C. 

1(M) acid ami 225 snow gave fall of 31° 
lOU „ „ 285 „ „ 32° 

T» ?> ?) )j 30° 

100 IICI „ 200 „ „ 30° 

As there W'as so little diilereiiee in 
the result when the snow w\'is used 
within so wide limits, it was found 
ino.st satisfactory to mix the snow with 
the acid until it attains the consistency 
of a thin mush, thus dispensing xvith all 
weighing, Jt is to be noted, as is 
explained by the above, that wlien the 
snow is wet, the tom)>crature to be 
obtained xvith it is almost as 1(‘W as 
when it is dry, which is far from being 
the case wlicn hydruehloric acid is used. 
It will also be seen from the above 
figures that when w<irking at atcm]>eni- 
ture near zero, the “ sjxmt acids ” 
answer as w*ell as, if ao4 better than 
hydrochloric acid; hut when en¬ 
deavouring to obtain lower temperatures 
than—30° C, by previously eooling the 
acid, it was found that better results 
were obtained with liydrochloric acid. 
When snow is not available, there is eijual 
satisfaction in employing shaved ice for 
this purpose. 

Jit/ Fvajijoration of liquuh, (a) Pictet’s. 
—Instead of using .sulphurous acid, as in 
his previous machines, Pictet usdfe 
mixture of sulphurous acid and carbonic 
acid, which has received the name of 
“ liquide pictet.*’ The boiling point of 
this liquid under atmospheric pressure 
is at — 19° C., and at a temperature of 

c 2 
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+ 50° C. the pressure of the is ouly 
half that of pure sulphurous acid. 
'Fhe inventor has some theory, aceonlin^t; 
to winch ti)ere takes placi* an aetuyal 
chemi(^il comhin ition of tlie tnolecules 
of the two tjases when they are being j 
liiiuelied under pressure; and it is due ! 
to this ]>ropt‘itv that the work e\]M*nded ^ 
in coinfiressjoii is much sm ilicr than in • 
any tdher working ag*'nt. TJie“ln[Ujde ; 

is not inlhutnuahle, and caul 
even he us« d for the extinction of tires, , 
it has tlie further atlvantage of leaving 
a greasy dew upon the surfaees of tlie 
cylinder, jiistou rod, valves, iS:c.. reinh^r- : 
ing speci.il luhrication unnecessary. | 
The generatf*r consists of a f-ystem of 1 
.seainl<‘bs copper ]»ipes communujating 
xvith a cliainher, at the hottom of wliich 
the Injuid enters, whilst tlie gas is ; 
drawn off from the upper part. The 
arrangement of jujies is such as to 
facilitate an elliiuent ciriuilatiou 
thi’onghout the whole of the generator, 
'fhe pump is jirovided with clack 
valves ; but to avoid the ri^k. of break¬ 
age. each valve is controlled by two 
springs, one pressing it down on its seat, 
and the other acliug as a stop when it 
rises. 

(/>) Perkins’s.—’J‘lio principle of the* 
apparatus is extremely sinijile, and can 
best be illustrateJ by the well-known 
lecture experiment intended to show the 
.absorption of heat when ii<|nids of low 
boiling point are evaporated in vacuum. 
If of tw'o bulbs whicth are (u>nMe(*ted by ! 
a tape, one bj* filled with a mixture of j 
water and ammonia, and lieated, the 
ammonia will distil over, and may be 
condensed in the other bulb if this be 
artiticiaily cooled. Some water will 
also pass over, but eventually tlie 
liquid in the second bulb will be richer 
in animoiiia than that in the firi^t bulb, 
and if the source of licat bo withdrawn, 
the ammonia will boil over aud return 
to the first bulb, whilst the second bulb 
wili be cooled far below the ti:m})erature 
of the cooling water previously applied. 

The construction of the apparatus 
itself is of the utmost simplicity, and 
will be readily understood from Fig. 

15, There arc two horizontal tubes C D 


closed at the ends and placed horizontally 

the oue above the other, • Thev are 

* 

joincl by a short vertical tul»e K at 
cither einl, which reaches about halt ' 
way down into the cavity of the lower 
tuho. This part of the apparatus is 
called bv the iiueritor the ** combiner/’ 
bcc.-ume in it the wat^r and ammonia 
combine ;ig n w))cn tiie ammonia vapour 
parses ovv fiom iho ** veiadver ” U 
th»'ough tl connecting tube shown on 
tlie top. he receiver is also an iron 
tube, aud i plsi'cil in tlie cold room, 
or jti any other p(^.sition whore tliu 
cirect <tf tile apparatus is requirod. 
The combiner and receiver need not be 
]daced in close proximity as shown; 
there mav be anv distance between 
tlicin, so that the combiner, for instance, 
can be placed in the basement of n 
building close to tlie hot-water apparatus 
if the building lie heated the I’erkins 
svstem, and the receiver in anv other 
]iart of the building, but at a slightly 
higher level. In sucli cases the l<»wer 
tube i»f the ciunhiner is jirovided wdth 
two IVrk ins's hid-water tubes E,indicated 
by dotteil circle'i, and the same apparatus 
which is u<cd to lieat tlie building Sau 
be employed for supplving heat to thiS 
combiner, tlie hot water being sim}dy 
circulated tlirough the tubes K. At 
Terkin/s factory this arrangement is 
ai-tuilly in um-, the hot water being 
divirtoil cither intti the licating pipes 
of the factory or into the coinhiners ot 
his cold air a])parati!S by ii series ot 
btoji cocks, \v)ii(‘h are manipulated 
fuice or twMce a day by an attendant. 
•Where a heating apparntus is not avail¬ 
able, the combiner is heated by gas 
iAuing^om the tube B, which 4s ])ro- 
vided with atmospheric burners. The 
whole apparatus is perfectly sealed, so 
that no loss of atnmoiiia Ian occur, the 
same charge serving »ver aud over 
again. The jiru^eas is as allows: The 
combiner is charged with a mixture ol 
pure ammonia and water, the strength 
being about that of the ordinary coinite 
mercial ammonia. After a ^fiort 
application of heat the air is expelled 
by opeuing a stop cock, not shown, ttie 
escaping gases being led though a xyater 

r 
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»al, so as to avoid tlic* unpliMsaut siiiol! 
(if iuiiKinuia. Tlic loss of aiinnoLiia in 
blowing]; out the* ii|i|i:u*atiis is very 
trillivii;, and after tins operation is ]K‘r- 
f<n’]nod the aiijiaratn* (ontains a wry 
small (juautity of air, and if left to 


siirrouiuliiiir the npper end of Ihosiphmi 
lithe, and provided m ilh small holes at 
’ the bid loin. 0\\iii<x to the jHtsition (d 
, these lodes, only ^\aler can find its way 
into t]»e short evlinder T, ami lienee 
the ^iphnn draws tdV the water with- 



its(dt there would be a vncntini of about 
-.*> in, in it. On apjilyinj; heat in one 
form or another to the low’er tube of 
the combmer, the ammonia begins it* 
distil over, and is condensed on the way 
to t\\% receiver by tl'c acti^'j^ of ^le 
water jacket surrounding the connecting 
tube, A certain ninount of w'ater also 
distils over with the ammonia; but as 
the spocitic grifcvitv of ainnionia is very 
much less tiwn lhal of water, the latter 
accumulates at the bTitlom of the re¬ 
ceiver, and is conveyev^ back into tlu* 
rombiner by means of a aiplton S, 
prtfBded wdtii a trap T wdtliin the 
receiver. The construction of the trap 
will obvious from our diagram. It 
consists of a short vertical cylinder 


out allowing the nuiinouia to fullow. 
During the apitlicatiou^ of heat the 
]iressure in the apparatus rises to 70 Ib.- 
1;">0 lii. ])er sq. in. at the most, and 
I the temperature within the combiner 
I reaclich ai-out K, When, after a 

j few hours' boiling, all the ammonia has 
distilled over, the source of lieat i'* 

I withdvaw’ii, and the conihiner i’^ (‘ooled 
I l»y an e\t(*rna‘ applicjition ot water, 

; which is allowed to How oAer its snriace. 
The ])r(‘ssure immediately tails, ami 
finally a vacuum (d' about 25 i». is 
jiroiiiieed, after which the amimmia in 
! the receiver begins to boil aiul distil 
1 back into the combiner. In onler U* 
promote an intimate mixture of the 
ammonia whicli is passing over with 
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the water left ia the combiiior, the 
conno(‘tii)g tubes F ])rojectsoTne distance 
into the cavity of the lower tube C, as 
already mentioned. Uy this means the 
ammonia enters tiie l]<[uid well within 
its inaiSs, ami is quickly absorbed. 

Copying. (li. 175 - 195 .) 

Chemical Methods. — (.17) T. 
C. Roche gives the Ibllowing method of 
making fine blue prints on paj»er, wood, 
canvas, &t:, and only requires washing 
to ii-v properly. First solution: red 
prussiiite of i»otas}i, l‘JO gr. ; water, 
2oz. Second solution : ammonio citrate 
of iron, 12 oz.; water, 140 gr. Tlie 
solutions should he made separately, 
and, when liissolveil, mixed and filtered; 
then pour it into a di.<)h, ami float plain 
photographic paper on it fi>r '» or 4 
minutes. When the paper is dyed, it 
will keoj) for months. Print in tlie Min 
for 8 to 10 minutes; then simply wash 
the paper under the taji with running 
w'ater. Tlie result will he a strong 
blue picture on a white ground. The 
addition of a little gum arable water 
to llic above solution, when made, will 
render the colour of the picture richer 
and the whites purer, 

(;^8) (Ihanning Whittaker describes 
an ingenious apparatus of his own 
contrivance for obtaining piints w'liich 
shall be free from the defects produced 
by tlie printing-frames in common use. 
In the latter tlie jiressure required to 
keep the iaj»er in contact with the 
glass is ajiplied at the periphery of the 
glass and of the back-board. This 
causes the centre of the glass to sjiring, 
• and the contact of the paper and the 
negative being consequently imperfect, 
duly an imperfect print can be ex- 
pccto<l. 

The ordinary printing-frame used 
in fihotography is an excellent one for 
small negatives, when the hack-board 
is well cushioned with cotton-flannel or 
woollen blanket, hut in large sixes the 
plate glass is expensive, hard to handle, 
and liable to be broken by any uneven 
pressure. The improrctnent described 


is simply the adaptation of an ain. 
cushion in place of a solid pad to ouiurc 
the jicrfect contact of the sensitive 
jiaper with the negative. The back- 
bounl is in one piece, being clamped to 
the frame that holds the glass, and is 
covered by a juoce of mauila paper 
coatei with shellac; varnish. Over this 
n sheet of tlie tliinnest rubber is laid, 
and then a single thickness of cottou 
cloth, the whole being sei*ured at the 
edgf.s by strap-inui, fastened by holts 
to the wooden frame. 

The air-cii.shioii is charged by blowing 
from the lungs. A rubber tube, pro¬ 
vided with a glass raoutlipiece, leads to 
a T, one end of w’hirh is connected 
with a nipple introduced through the 
hack-hoard and the other end of W’hiili 
is connected by a rubber tube with a 
pressure gauge. 

Triuts made ill this apparatus arc 
entirely free from blue lines, or any 
blotches or hleini.shes due to iinjierfLvt 
contact between the negative ami the 
pa]»er. An important addition to the 
apparatus i.s that by which it is so 
ailjusted as to lune the surface of tlie 
gliLss always at right angles to k'lc 
direction of the sun's rays, Thi.s is 
secured by providing two ad justment.*!, 
one by which tlic glass is rotated in a 
direction opposite to that of the rotation 
of the earth, and another in which a 
secondary axis is^ mounted on the 
primary one and at right angles to it, 
so that it can be I'otated to the required 
position when the sun is either north 
or south of the eijuatoriai plane. 

^ Id addition to this the author gives 
some notes of experiments on the 
.sensitisi|^ liquid, and the proportions 
foVone yielding the best results. When 
the ]iroccss was first introduced into 
America from France, formula in 
use was as follows; 

Red prussiatc of*' pnta^, 8 parts; 
citi'atc of iron ifad ammonia, 8 parts; 
gum arable, 1 {Fart; water, 80 parts. 

Beginning with the proportions—Rc^ 
prussiate of potash, 10 parts; ci|nite 
of iron and ammonia, 1 part; water, 
50 parts—different solutions were maije 
up to the proportions: Red prussiate of 
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potash^ 1 ])art; eitrato of iron and 
aminojun, 10 ]>arts ; wntta', 51) pitrts. 

Tho )»lan followed was to ct)at a 
bheet with a gi\eu solution, and alYer 
rutting it into strijts to ex^ui.se tiiein all 
to din*i*t suuMj;ht and withdraw them 
one after aiiotlier at stated int«*rvals, 
thus jriving a dillercnt time of cjniosure 
to oaeh on(*. ^ 

The coned usioii drawn from these 
experiments was that each mixture 
wcmhl tcive a deej) Idue after each i 
exposure, that this wvmld turn to a 
u;rny if over-exposed, but that ‘J-!> 
minutes* deviation from the proper 
time of exjiosnre d»»es not maten.illy 
alter the rohult. The best formula, lie 
tinds, W(»uld be: Ked ]>russiat,e of potash, 

2 jiai’ts; eitrate of iron and ammonia, 
o jiart’.; watiu*, 20 parts. 

An exees^ of tlie prus'^iate leiii^theus 
the time of exposure, while that of the 
citrate slmi*ten.s it. 

(dO) Ul-Iow Is a formula whieh l)r. 
L. JI. L'ludy c»r the School of Clines 
has prepared and long used with excel¬ 
lent results:— 

J>'oiution A’o. 1. — 3,1 grammes (.IIIO 
prs.) of ferrieyaiiide td’ ]K)tasMuni 
^dissolved in 2:10 cubic I'eiitimetres 
(rt oz.) of distilled water. 

iSb/ut4>m Ati. 2,—r}:i giammes(8ir) grs.) 
of citrate of iron and ammonia dissolved 
in 2:K) cubic centimetres (8 oz.) of 
distilled water. These solutions mu.st 
be kept separate, * 

When ready to prepare the paper, 
mix equal parts of Xos, 1 and 2 aiel 
a)>ply to the paper either with .sponge 
or soft clotli, and hang uj) to drv. 
These operations must he conducted 
a da:k room. As soon as the ]iaper is 
dry,•place under negative tixrtfcng, 
and expose to direct sunlight. After 
}irinting, place in water and wash 
thoroughly. 

(40) A bthck» process, whieh will 
compete fifl* favour \nith the above blue 
process, is given in ^le Vhotocopic of 
A. Fisch, The process is teclinically 
lyKiwn ns heliography, is simple, and 
inexpensive, while the prints arc ink- 
black, and are made from drawings or 
posJUires and negatives. Wc owe this 


process to Poitcvin, but it has been 
slighth'^ iuiproveil. 

Sensitising Solution.—ldj>solve sepa¬ 
rately :— 

1. (*urn .arable 0 13 dr, 

Wuter ,, ,, 17 (tz. 0 

2. 3'nrtai 1 C acid .. l) 1 > dr, 

W.'iliT .... r» oz. b dr, 

3. Fcrsulphite of iron O 8 dr. 

Water ... i» o/.. 0 di\ 

33ie third solution Is poured into the 
second, well agitated, ami thou the.se 
two suluthuis uuiteil are added to the 
fii'st, <‘<»ntiniially .stirrinir. When the 
mixture is <'o!ii|detc. ad*! slowlv, still 
.stilling. (3 ll. o/, 3 dr.) ft liquid 

acid perchloride of ii<»n at 4.V’ Hauiiie. 
Filter into a bottle and kec]> away from 
tlu light. It keeps w cll lor a \ cry long 
tune. 

Sensitising the pap.er. -lIereos]»ocially 
it becomes necessary to select a juiper 
that IS very strong, w'ell j-izetl^aiul a.s 
little j»orou.s H'i po>sihlo. By means of 
a l.irge brush or sponge a]»ply tlio 
.sensitising liijuid v(‘rv eijunlly in X’ery 
thin and smooth coats; then dry as 
ra])idiy as possible with heat without 
exceeding, however, a temjierature of 
.13® C. (131^ F.). The pajier sliould 
dry in obscurity, and be kept away from 
light and damiuiess ; ii<*tw ith.standing 
all these precautions it docs not keep 
well long, and if it is desired to act 
witli some certaintv it is better to have 
a stock t<» last only a fortnight. Fheshly 
jircp.ired it i.s better than a few days 
al’terwards, Jt should Jhc of a yellow 
co]»)ur, 

l*rintiiig.—The tracing, made with 
very blai'k ink, is placed in the jtrinthig 
frame, the drawing in direct contact 
with the jdate; then jdace <>ver it the 
sensitised paiior, tiic jirep.ared side in 
contact with the back t»f the traiing.^ 
There is no necessity to make use of 
photometric bauds as tin* progress of 
insolation is sullIcitMitly soon on the 
sensitised paper during the cx^isure. 
From yellow that it was it .should 
become iterfectly w'bito in the clear 
])ortionSf th.-it is to say, upon which 
there is no drawing of the transfer or 
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positive clielie that is t<» l)e ; this 

is jiscoi'tjiiupd hv raisin'' iVom time to 

ti “ 

time the shutter of the frame. The 
exjiosiire lasts 10 12 minutes in the 
sun; in suiiuium* less, in winter more. 
When the exposure is emled remove the 
]»riut fnnn tlio frame, ami it shouM 
sliow a yellow (Irawiui' upon a white 
i'roiiml. If in the seiisitisim; hatli a 
few enhie centimetres of a rather hi^'hI v 
ismeentrated solution of sulphoeyamde 
of potassium have been addeil, this hath 
liecomes hliuxl-rod and ('(jlours the jiaper 
the .same: in this ciiNe the print aKo 
wiiitens during e\pi»sure, hut then the 
image, insteatl iif hejug vello\v,is led on 
a wlute ground. This suhstaiice, how¬ 
ever, is, if w'e may so sj»eak, inert, or 
without any other action; it is verv 
fugitive, and even disappears in a short 
time in obscurity; it has no other use, 
therefore, than to render tlie drawing 
or the image more visible after ex¬ 
posure. 

Developing the Prints.—When the 
]>rint has been sulhcieiitly exposed it is 
taken from the pressure-frame and 
floated for a minute in the following 
solution, so that tlie side u])<m which is 
the image should alone be in contact 
witli the surface of the liquid, avoiding 
air bubbles betw'eeii the two surfaces, 
fftherwise <lcfects would be found in 
the jirint; to ascertain this, raise in 
succession the four C(u*ners. The 
ilevelouiiicr batli is coiunosed as 
follow .s:— 

rinllio aciil (or laniiin) gr. 

Oxal ..1] 

Wate 07.. 

In this bath tlie orange yelh*\v or red 
lilies are changeil into gallatet^r tannatc 
of iron, and form, consequently, a reri- 
tiible black writing ink, as j^erinaneut 
as it. The joint is then jdunged into 
oidiuary water, well rinsed, dried, and 
ilie print is now ^ini^htMi. The violet- 
black lines becomes darker in drying, 
but hufortuimtely the ground wliich 
appear.s of a ]mre white often acquires, 
in drying, a light violet tint. For 
prints with half tones this is of no 
importance; but for the reproduction 


of plans, for example, it is very oh-^ 
jectionahlo. Ity tliis )iroeess we have 
liie satisfaction of obtaining a drawing 
in black lines similar to the original, 
and in most cases this is suflicierit. 

(41) The /^ipicr i^ciVMa(/give.s the fol¬ 
lowing directions tor making an improved 
**gr;ipjf —Soak 4 parts of best clear 

glue ill a mixture of r> parts jmre water 
an<l 2 [larts amumnia (|»resiunably liquor 
ammonia) until tlie glue thoroughly 
.softened. Warm it until tiie glue is 
dissolved, and add l» parts of granulated 
.sugar and S parts of glycerine, stirring 
well and letting it come to tin; boiling 
p<diii.. While hot, (taint it upon clean 
white blotting jiaper, xvith a broad 
brush, until the blotting paper is 
thoroughly soaked and a thm coating 
remains on (he surface. Allow it to 
dry for 2 o days, and it is then ready 
for use. The writing or drawing to be 
copieil is done with the usual aniline 
ink upon writing paper. Before trans¬ 
ferring to tlie blotting paper, wet the 
latter with a sponge or brush and clean 
water, and allow it to stand one or two 
minutes. Place the written side down 
aii'l stroke out any air bubbles, until 
submit the whtde it) gentle pressure for ♦ 
a b'w moments, remove the written 
pujier, and a numbt^r of impre.ssions can 
then hi taken in the ordinary war. 
When the impressions begin to grow 
weak, wet the surfaq-* of the “ grajih ” 
again. This ** graph ” doe.s not require 
washing olT, but simply laying away 
for 24' 3G hours, w'hen the surface will 
be ready for a new impression. 

, Mechanical Methods. —(G) Per¬ 
manent ly moist copying paper. A 
l»erpetual^' damp copying paper, abvaya 
reany for use, is described in the Paper 
Trade Journal. It is prepared by 
dissolving 1 lb, of chloride o^tnagnesium 
in a moderate quantity of^vvarm or cold 
water—about 1 lb, * Whe^^ ilissolved, 
a|»ply this solutiihi with a brush to 
ordinary cojiyirfi; pa]w*r, Avhether in 
book form or otherwise, or preferably 
by means of cloth pads saturated w^htih 
the li<|uid, then place these |mds between 
any suitable number of leaves ; anply^ 
pressure, at first very moderate, until 
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%thc absorption by the paper is emnplotr; 
tin'll remove fiiu cloth jmds, and a]*ply 
with the piVNS :i strong j>rcssurc ; it is 
then ready for use. 

Ihiper prejiaivd by this jivoccns will 
reniutii ]»ermanently moist iiinlfM* ordi¬ 
nary temperature, and if maile drv by 
an extraordinary iieal, v\ill its 

moisture ujum being subjecteii to tlie 
common atmosplu-n'. 

One advantage of this method is, that 
the slieets of pajier \\ill not adhere to j 
each otlier, as is frequently the ease 
when thu paper is j)repared with coin- . 
}>ounds contaiiung glyeerine, &e. Tlie 
above ]>rtieess is patented. | 

(7) Any kind of (q»a<)ne drawing | 
paper ill ordinary use may be enii»inyed j 
for this pnrpONe, stretelied m the usual i 
way over the drawing to be <‘opied or 
tr.iced. Then, by the airl of a cotton 
pail, the j»aj)er is soaked with benzine, 
Tlie pad causes the benzine to enter the 
pores of the paper, rendering tlie latter 
more transparent than the tinest naeiug 
Jiaper. The mrist delicate lines and tints 
show through the jiaper so treate«i and 
may he eopied with the greatest ease, 
imr pencil, indian ink, or water-colours 
• take equally well on the beuzinised snr- 
face. The paper is neither ci'cased nor 
torn, remaining \vholc and supjile. i 
Indeed, pencil marks and water'coloiir 
tinting last better U|um ])aper treated 
in this way than any other kind of 
tracing paper, the former being rather j 
dillicnlt to remove by ruliber, AVIien 
large drawings are to be dealt w ith, the 
benzine treatment is only apjdied in 
}»arts at a time, thus keeping j>ace wi^h 
the rapiility of the advancement of the 1 
wor^. WJien the cojiy is eon^leteij^the ! 
benzine rajiidly evajHtrates, and^the , 
]iaper resumes its original white and | 
opaque np|iearam'e without betraying . 
the faintest tj'nce of the benzine. If it ; 
is desired Jo fix* lead-pencil marks on | 
ordinary drawing t»r tracing paper ^ 
this may be done by^w'etting it with 
milk and drying in the air. 
*£illCOtypes. — (a) According to 
\ oikner (^Phoftxjraphu: jfVmcs), the ori* j 
•ginM for a heliographic reproduction 
must be cjtremely sharp in outline. A 


reversed ])hotographic negative upon 
glass, * (tr 5 the original size, is first 
made, Tiiis reduction renders the lines 
still sharper and inoic delicate tlian in 
the original, A gebitiiic sidution to 
wliieh is added sugar, lamp bldck, alco¬ 
hol, ammonia, and creosote, is then 
}u*epared, and with it a sheet of ])hoto- 
gi'ajdiic paper is c<taUMl, and laid upon a 
i‘ate glass carcfulh ]e^ellcd. As j^oon 
as t)je gelatine mixture has set, the 
coated sheets are bung uiioii coi'iK, aud 
after di ving, are kept in a perfectly dry 
room. The quantity <d' the pigment is 
])]op«utional to the chaiacter of the 
original to bo reju'odnced, one-tentli of 
it b«*ing the maMmum. one fortieth the 
nniiimuiu, tlic lormer for fine and deli¬ 
cate (Ir.iwings in line manner, the latter 
for other woi k. 'flie prejjared ]>igmcnt 
}u»jM*r is s''n'^iti^ed in a bichromate of 
jiotash bath, l-lo, ami laid face down 
upon a carol‘ull\-cleaned ])l.ite-glass, and 
dried in a stiong curn-nt oi air. Im- 
incdiat»'ly before using it the pajier is 
detached from the glass. The exposure 
under the reversed glass negative is 
ma<ie in an ordinary printing frame, tlie 
time adjudgctl by a Vogel plmtometer. 
After print ing llic pigment )»apcr istaken 
to the dark room, and in a cold-water 
bath, transfened to a sil\ere<l cojiper- 
plate, ])icturc side down. Kemoved 
from that bath, the jiajicr is sijucozcd 
and <iried with blotting pa]>er. After 
r» minutes aiudlier cold-water bath i.s 
used 1<» wash the bicbnnnafe from the 
iiou-e\]i('sed jutrts. In A lionr it is 
taken up, well ring'd, ;»^id subjected to 
a w'arm water batli of to to 

dissolve the gelatine not acted upon, 
that is to dovelo]» the gelatine relief 
u)>ou the silvered copj)cr plate. After 
a short lime the water ]»enctrates the 
}u>res of the pajjer. dissolve*! blai'k gela¬ 
tine oozes fnun the film, indicating the 
beginning of the development; in aljtmt 
.*U) minutes the pa]»v is detae.heil, ficuils 
ujion the surface of the bath, or j|an bo 
lifto*! up with ease. The rest of the 
gelatine is dissolved in a few minutes, 
and the relief, a copy of the original, 
appears gradually upon the coppe. -jdate. 
The developmcut is coutinued in another 
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batli of warm wnfor, till all 

remaining^ fojT or dirt is totally rpinovrd 
from the interstices (d’ the roUid*, and 
the ])ioturo stantls out tdear aiid ilistiiiet 
upon the jilate. Finall 3 \ it is well 
rinsed with water and ihieJ s]>out;ino- 

OUsl}'. 

To make thi'v relief ]date ennduetive, 
]H)\vdere*l tjraidiite is sjiread (tver it with 
tamjjon and a soft brush ; afterwards it is 
placed on the katluMle of‘:i Daiiiell troui^ii 
apparatus^ and a /ane anode ube>l to 
aecelerate the jjreeijvitation of l•(^p]>el^ 
In an hour or less tiie lieiio:j;rapliie 
relief plate is sntiiciently etivere<l, tlie 
jdate is taken iiji, <*leaued and iinseil, 
and a'(»iin jil.ieed in tli»‘ tiou'^h. To 
j»romote the foiu* (jf oheiiMeal aetinn, 
ean.sed hv the electrie eiirrent, an iron 
aiunle is inserted. Alter iio ‘J4 <lavs 
the plate Will be of the ilesiia'd thiLk- 
ness, and is, therefore, tiieii taken from 
the trouj^h, rinsed witli water, and 
dried; the edi^o*'^ are hied oif, and the 
piitrix removed trom the matrix. Ihitii 
plates are w**Il washed, Adlieriuir 
]>arts of tlie gelatine ndief are eare- 
fiillv removed. 

If the plane of t.he tjelatine relief lias 
boon ])erfe(:tly elean, and free fnnu any 
tone, the intaglio ])lato is also smoidh, 
lustrous, and printal)lo. Matt s[Hds are 
wiped oil* with oiled tiannel and rotten* 
stone; tone and iinjuirities are seraped 
and huruiihed ; other d«dects, wdiieh but 
rarely oetmr, are letouciied with needle 
and graver. 

Tlie iirst impressions made from helio¬ 
gravure piatosfc.'ire always nmgh, and 
retouching tiiem should not be under¬ 
taken till a number of prints have 
been made. They are in exery way 
(*(juai to engraved copper-idates, ami 
with them there is a great, almost 
ineredible, saving of time. Heliogravure 
jdates, maps of tlie Austrian Kmpire, 
made in fifteen years, would have Inkeu 
gf^neralioiis to engrave. Before large edi¬ 
tions are jirinted galvauo-plastic reliefs 
are t.-ticen from the intaglio plate. From 
tliem new copies can he made, in case the 
original should Miller in course of time. 

Steel facing.—Au important substi¬ 
tute for multiplying copper-plates by 


galvani^jdasty is to face them witli steel., 
1 ( is Used for pl.itos like objects of art, 
which never reijuire correction. When 
a co]ijHM*-]»lale is placed on the cathode 
suspended in a solution of scsipiichloridc 
of iron, and suhjertiMl to the action of 
tlie galvanic curreiif, it will in a short 
time 1^; covereil witli a delicate and 
lustrous cuticle (d’iron, hard as steel. 
There i', no dilh*rence seen in the }>rints 
taken from plain copper or steel-faced 
jilato',. Tlie iron gives the plate an 
extraoniinary durability, and many 
thousands of prints can be made from it. 
In case the steel ciitiide has boeii un- 
.soujid, it can be easily taken otf and 
renewed.. The jdale is laid in sulphuric 
:uid, diluted so much that il will not 
attack Clipper; Init it loo.seiis the steel, 
xvhicli hhstfr^ ami ciune.s otf iu scales. 
The plate is again washed ]>efore another 
stt*el-fa(‘iug. The jusx'.ess is carried on 
in a jieculiar dark Irtuigli, iSitli a :J cell 
zinc carbon hattcrv; the eleidrodes 
are pl.icefl v<‘rti< ally. Tlie buitahle iron 
bolutiou is made hv tlic current, fine 

I 

pari of ehlmude of ammonium is dis- 
sidvod ill liJ parts of water, and iu it 
are placed inm ]»Iates, as katliode atwl 
auotle. \\ neu the circuit i.s closed a, 
chomieai action takes place, the chlorine 
of the chloride of nmmoiiium unites 
with tlie iron of tjic anode, forming 
se.s([uichl(»ri'le, wdiicli renmius dissolved 
iu the hath. Withii^ 1-2 days the bath 
asMimos a greenish colour, its surface 
turns red, owing the formation of )iv- 
drato of oxide of iron from contact with 
I air, and metallic mirror upjiear.s on the 
l^athode. The bath is then sulHciently 
saturated, and in place of the iron 
kathode the copper plate to be steeled 
is itiserttlffj The j>lale must, of eSurse, 
be absolutely clean, and is therefore 
washed in caustic jiotash,^ rinsed, and 
any ]iossib]y adhering alkali neutralised 
with sulphuric add, vaslfcd again and 
dried, Scamoui, of*5t. Peterscurg, makes 
very durable places by first precipitating 
nickel upon the silvered relief, and then 
allowing the copper to build up till^c 
desired thickness is reached. His l^th 
is;d5 parts water; 5 sulphate of nickel| 
and 1 to of chloride of omuioniiifn. 
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Phiito-clit^niiijjrripliy.—A ])latc of zhic 
or any othi;r tnetal is couf(‘d >\ith a 
mixture ofguni arabie, water, grape 
sugar, bielironiat.e «f jiotassinin, ainl a 
few (IrojKs of ammoum, and expo'^ed to 
light under a srlass jmsitive. After ex- 
|>4)sure the jdate is rem<»vt‘d to tin* dark 
room, and etched with a stront.v>*'l'itioii 
of j>erehloridc of iron. Str<ing line's are 
attacked tirst and etclied deeply, tlui 
thin and delicate parts afterward;-. 
The process lusts hut 5 minutes, and 
after cleaning it may i»e printed from 
at once. To give the plate nnuT dura¬ 
bility it is eo)‘f»er-pl:it<*d and eventually 
steel-la(*ed. The e<»])j>ev-platiiig of zinc 
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1 11 gal vuuogra phy and si ilography 
the jilate is coated \iith the fatty 
matter coloured with ochre or lamp¬ 
black. A drawing isinatie upon it with 
the graving tool, the plates are made 
conductive hy graphite, and by placing 
tliein in the troiigii apparatus a relief 
IS made iiom that ('ii intaglio plate. 

Nat ure-lh uiliug. —Natural objects 
like ]>arls of ]dunt>, or laces and otlicr 
0 ])eu fabrics, are ]>re»ed in guttapercha 
or lead, an»! galvano-jdastic matrices 
tnade irom them* If lace be the object 
ti; bo rejtrodiued, it is pasted with gum 
up(»n a steel ]date. a sheet of lead jd.o'Cil 
upon it, ami subji'cteil to a high 


cannot bo done by electrotypes of tlie | pressure. Kclief or intaglio i>Iates are 


sulphate of co]>]>er : the free suipliunc 
acid W'ill attack the zinc. Jnslcail of 
it suh-cyaniile of copper (*uCv (Kupfei- 
cyanur) is used. When cy.ninle of 
]>ota.ssium is addcl in excess to sui])liatL‘ 
of copper,*tlio copper elcctiattype ('u(V 
is fonijcd :CuSo^ + "b*’y ~ f-nt’y 4- 
+ Cy. Sul]>hile ofsodiurn added 
previously to tin* <■} ankle of ]iotassjum 
changes the cyanidt* int(» prussic 
iho sulphite of .sodium into suipliate: 

iCy., + Na,SO, 4- ll..» ‘-ilK'y + 
N'a„SO^, Ammonia iiihled to the sohi- 
tiou forms, with the l^^us^ic acid, c^ amdc 
of ammonium Nll^Cy. Two sidutiifiis 
are made, (1) 140 jiarts biil]diate of 
copper, 840 water ; (2) l-lO-LiOO exa- 
nide of potassiuTjj, 1000 of water, with 
the addition of sulpldte of sodium and 
ammonia. The solutions are tlu'ii mixed. 
The zinc plate to be copjjer-faced is 
placed ou the kathode. The current is 
generated by tw^o zinc-carbon clcinc^iis, 
Cialvano-causlies.—The electro-nega- 
tiye substance of the electrotype, e. g. 
the* acid of salt, or the cfiTorinP^of a 
chloride, uuilc*s chemically witli the 
anode, foj;ining a soluble combination 
which etches the electrode. Chroni- 
gelatine ^iper if ex]>ose(l ninler a ti aus- 
purency, inked w'ith follcr, an<l developed; 
the negative pictured* transferred upon 
n copper-plate which makes the picture 
<3|etiillic-lustrous. The covered parts 
Insist etching. The sulphuric acid liber¬ 
ated by electrotypes combines with the 
coffper 5 it etches the plate. 


nnuie this way; tin* foiiiier answering 
well for ty))ograpli}r j»nnting. 

Type-I*rmting.—Slereolyin's are now 
substituted by g.!lvano-j)lastlc ccipper 
precipitates. Tlie lorm is impressed in 
guttajierchii, tlie c<.pper graphited, and, 
moistened with nicolud, lahl in tbe 
galvan(»‘]jlasti(: .apparatus. When the 
copper is hutlicieiitly thick, the ]>liitc is 
taken up, the reversed side and edges 
planed oil', aii<l hacked with ordinary 
tyjHi-inetal. Wuodcut.s similarly treated 
give galvano-ida.'-tic coi'iC" from which 
70,(KiO tfi 80,tK)0 piiiits can he iiiadc. 

Plain Copper-plates.—At the time 
w’hen ct»])per eiigraA ings were used 
exclusively in the Institute, the plates 
were ma<lo by the galvano-plastic 
])rnoess with the aid of a twelve-cell, 
z j n c -si IV e r ba t tery (sy st e tn Sm ee ). 
Now sucJi jdatos are only made tbr the 
])atrieos in heliogravlire. The last 
daguerreotype idates in the American 
market were also galvano-plastic. 

HkJatrneto-electric and JJvnamo-elec- 
trie Machines.—Improvements intro¬ 
duced in the nieohamcal arts in modern 
times have also been introduced fur tlie 
generation of the electric current ia 
electrolytic ojHirations. Jlagneto-elec- 
tric and" dvnaino-electric m.achines liavc 
be(*n substituted for the hydro-electric 
cell, by wlii<‘Ii tJie liberation of injurious 
gases and inteirujdion of the work is 
entirely avoided, and more uniform and 
accurate work obtained. Ma4iines for 
continuous currents are preferred with 
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wire twists ol’ cniiisidrrablo Jiiinirtor, ' 

ami wjre of bul liltlc so ns ! 

. . » 

to tjouoratc a current j^rent lu quantity [ 
but of little iiit(‘iisity. | 

(h) Mnulel, dire(*!or ((f the stereo- i 
type foundry of l>upout’s ]>rintim^ 
house, describes as follows the j»roce-.s 
of couverHuiT a hniot^raphic <jr cop])er 
pl.ite jirint. into a lypograjihie idoek. ■ 
The composition to be reprodnee.i is ^ 
drawn with a erayui «ji* ]»eii upon a 
litliograpliie stoue, which undcri;oi»s all 
the ]irej)aratiou necessary for a ju'oof , 
u[ton transfer ])aper. it is then trau-.- | 
fei red to a jdatt* of properly planed ! 
zme, wliich lijs becni \>*aslie 1 uith a . 
solution <if soda or potash and dried j 
with a rai^. Tiie transfer j*! made just : 
a^ if it were aque-^fion of an iin)iressiou ; 
upon stone, tJnre is taken to see that • 
the fine lines of the diawini^ are all 
riqirodueed, and, if they are sati>faetf>ry, ' 
gum water, alone or with the addition 
of a decoction of nut galls, U piu-'ed . 
over the suidace of the zin<*. The gum 
combines with the zinc, and renders it i 
ju’oof against the loutaet of fatty 
matters. 

After the plate has remained under 
gum for a little while, it is \vaslieti ami I 
tlien inked uith thick ink by means of 
a litliograjihic roller, just as would bn 
done for jiulling a proof from steme. 
Then, by ineaiis of a cotton dabber, 
resin in iuqialpablc poutler is dusted 
over tile entire surface—although iimdy 
powdered hjtumcu may likewise lie 
used. This resinous dust adheres to the 
oiiv parts, solidfdes them, lodgo'i in all 
the interstices formed wlierc the inking j 
has liecn slight, and forms a ]>rotecting - 
envelopt* against the penetration of the 
acid, (‘are ns taken to remove all the 
hUfierfluous resin. 

The edges and bottom of the plate 
are iio\v covered uitli lac: varm^h ora 
solution of hitnmeii, after wliieh it is 
immersed in a liath of water containing 
5 ]>er^eoni. of nitric acid. After re¬ 
maining in tins for 20 minutes, it is 
taken out and gently rubbed with a 
piece of soft charcoal—an operation 
which, by removing the first layer of 
iuk, allows the beginning of the conver¬ 


sion of the drawing into a typograpliic 
})Iate to be si'en. 

This first biting in is iibually very 
.slight. If it has proi‘ee lerl regularly, a 
sccouii inking is given before immersing 
the plate in the h.ith again for .another 
2 U luintites. Upon being taken out 
tile see(»(-d time the* ink is removed as 
before, and the ]d.ite is examined to see 
whether iiie acid has done its duty. 
Tin'll a third inking is ‘given, and the 
plate is iiuiucrscti again for 20 — 25 
minutes. 

At every biting in, the strength of 
the hath I'i iiuri*ased by the 

aeetoineter. it is laiely the ease that 
a fourth biting in is neeiss?irv. Tlic 

V 

trougli containing tlie bath i.s of oak 
lined witli cither guttapercha or sheet 
l(*ad. It is lixetl ujion a ]>ivot that 
allows it to he given a conlinnrms 
nuking motion while the plate is 
immersed. 'fliis agitation is indis- 
pensulilc in order that the acidulate I 
water shill coijstantlv flow over the 
plate and carry away tlie salts of zinc 
that an* formed. 

The traiislcr of tlie drawing from 
stone to tile zinc jdate is ollected in a»* 
lithographie jiress. Only line drawings 
are treated by this process. 

The zinc plates are jiropared by 
specialists. Moreover, if it lie desired 
to write, draw, or make a transfer u])on 
a zinc jdale, it i*. cssevlhil that the lat¬ 
ter shall undergo various ]»re]>arations, 
sueli as jiolishing, scouring, &c. If 
thc'-e Operations have been jiro])erly 
perfonneil there will he oht.'iincd good 
typographic plates that it will ho only 
neec'^sary to nionni upon w'ood after 
the wln^ have bf*en routed put. 
FinaTly, the blisters an? reuiovod with 
a graver, all the inequalities are 
straightened out, and nil #tho small 
defects iib'.cived ai'c reniedi^ed. As for 
typographic jilates drived (^froiii an 
engr.aving on steel fr co]>]>er, instead of 
making a drawfl'ig upon stone, the 
engraving is transferred thereto, and 
from this is pulled a proof u]ion ]iKi|kr 
p.'ijier, wliich is transferred to the zitic 
plate, (('hroniqtw Industriclle ,) 

Mounting Drawings and Tracings,-^ 
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Out* of the most ooininon dotails in the 
n>ntiiu* of tlie drawinij-ortire is the 
nioiintini; and vej»aiiiiii: of tra<‘inL> and 
drawiii^s which have either l)eeii made 
on ])aj>er too flimsy to stand the wear 
and tear whii-h they w ill have to imder- 
go, or w'hieli are fallintf \o ]»ieces iunn 
the vouj^Ii treatment ^Yhic;h ti<ey have 
received in the slio]»s or (dsewhere. 

Jake inanv otlier iniiotr details, it often 

% 

fails to receive ihe altentic»n whiiii, if 
paid to it, w'ouhl la- uinjdy re]>aiil. It 
is Usually the f.rst task a^siciied to a 
new l>u]»i!, w'l o, fioin i:^noraiiec (d the 
materials used, and of tlie hest method 
of setting; ahout ius w'ork, too often 
“ makes a mess of it.” To avoid this, 
and to save the time wdiieh it occ\i}>u*s, 
it is a verv common pi'a<'tice to use 
trarin^-<'l(dli ” f{«j’all fracings which 
are likely to la* freijiiently hantiled ami 
folded, livery one knows tli isagree- 
ablc nature <d’this mateiiaJ, Fnnii its 
“grenriiiess,” as compared with orclinary 
tracing-paper, a greasiness ” w hich 
cannot la* overc<»mc by ox-gall, it is 
ddiicnlt to mak<* the iidv ‘“lie,” and, 
from its non-ahsoibiait (jnalities, the 
•lines take iniicli longer to dr^ and are 
more liable to he smerued. As tlie ink 
lies on the surface, the lines are liable 
to wash, and any c(>]onriiig that may 
be necessary has to bo applied cn tlie 
back or wrong shh‘, and any erasure 
that may h« nece^^arv, or any accidental 
drop of water, lea\es a disagreeable 
white mark. It is no o\agg(M’ation tt> 
say that three tracings may be made 
on ordinary tracing-pajior in tlie time 
re<juiril to make two on tracing-clolh. 
The method which we are about 
desgribe is not onlv satisf^ory but 
very easy, ami requires only ordinary 
care, and no special skill. 

Let U8* suppose that w'c wish to 
mount a tr%riu^ We t.akc a drawing 
board, w4ich must be perfectly clean 
and made without duo in tlie joints, 
and lay it on a tahl^or on trestles, if 
possible, so that we can get at it from 
IV shies. Wc then take a stout piece 
of calico, about au inch larger all round 
th|n the tracing to be mounted, and 
pin it do|^n with a tack at each corner 


on another table, wliiih we have pre¬ 
viously covered xvitli old newspapers, 
j We then lay the trac ing face downwanls 
, on tlie drawing-board, and with a soft 
I s)n)nge wet it tlmroughly all over. 

I Then, raiding first one half oi the tracing 
1 and then the otlu’r, we Hood the board 
I well witii clean wafer. 'i’he tra<*ing 
, lU'W’ lies floating on a thin film of water. 

I Tiieii, taking a moist sjKJiige and com- 
I iiieiKing at the centre, and working 
outwards tow an!.' Ihe sides in turn, wt 
]»ress the tracing down on to tlie b(>ard, 
diiving the water out at the edges, 
111 the same manner we work ont all 
tlie w'ater from each torner in turn, 
aiwavh woikiiig from the centre to llic 
edges, and taking cave to leave no 
•* filuhs ” ofair <»r w'ater belund us, ainl 
wiping <»11 all superfltums moi^ture from 
the top or )>ack of the traiiug. Hy 
\iewing it slantwise across the light, 
it is easy ti»sceif this lias betm ju'opeily 

ih»ne. if it is an old or badlv-torn 

« 

fracing, we can easily lit anv detached 
]>iec(‘s and, a.s it weio, glue them d»>wn 
in their jdaee on tlie board with the 
water. If it is necessary to unite two 
slieets, we first lay dow'n the larger, if 
o£ilitlerent si/e, as above descril)e<l, and 
then the other, commencing from the 
jMiint of junction and working outwards. 
Then, with a stout brush we sjircad 
the paste—wbicli we suppose already 
juvpared- xvell, and evenly over the 
calico, beating it thoroughly into the 
interstices of tlie cloth and faking care 
to loa\e no liiiujis or superlhious 
quantity, and, if luce.ssary, ]ncking off 
anv bristles out of the brush, &.t'. 
Then, taking it by the corners (thi 
the only j>art of the operation in w hich 
any assistance is required) and turning 
it over and holding it at full stretch, 
we lay it on the tracing, taking care 
that, a"s fin* as possible, every part shall 
come ill contact at the same moTiient. 
Once down it must not again be lifted, 
or it will probably pick up any loose 
jiieces and remove them from their 
proper positions. Then, with the wet 
sponge, we proceed to press down the 
cloth in the same manner as we have 
previously spread the tracing, driving 
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all air-bubbles out at the eiliros and 
wiping ofi' all Mi]»erfliu>us moisture. 
Then, turning bank eanh corner in .sue- 
ccssiuii, as at iip till we enii just j-ee 
the foruors of the tracing, we stick in 
four tacks or (Irawing-juns, not to hold 
it down, but merely to mark the 
corners. A A (Fig. !*») is the board*, 





B B, the cloth; B,, one of the comers 
turned back ; C (I, the tracing under¬ 
neath ; Cj Cj, tacks at the corners. 
Then, pressing the corners down again, 
wo sef aside to dry. Jf wanted in a 
hurry, it may be dried, not too quickly, 
before the (ire, allowing at le.ttst two 
hours for this process; but it is better 
to allow it to dry slowly and leave it 
until the next day. When dry, cut 


wit-h a sharp knife from tack to tack, ' 
and the tracing will fall off. Il the 
I ])a>te ih go(Mi, it will be easior to .^plit 
I the tlmn to tear it off the cloth. 

I The remaining strips of cloth may then 
j be torn off the board, and the board 
I washed flee from all traces of paste for 
' liiture ffsc. 

I It miglit be snp]>osed that the colour- 
! ing wtniM run, find the lines be found all 
l>lottod and blurred after such rough 
usag*', but such is m»t the case. Indian 
\<llow, il' laid on too tliicklv, will occa- 
, smnally nm, but not to a serious extent, 

' and hcai > lines of PriisNian Idiie would 
' jn’obably be found piiiitcd and rej>ro- 
i iluccd on tlic hij.'ivd, lint not blniTcd Of 
j smeared. Ihit the bc^^t ]dan, if a very 
I neat appearance is a stnc tpw non, is to 
! colour tlic tracing after inounting. Tlie 

I ' w 

j tracing v.ill be found to have a surface 
I lor ctdouring far superior fo the liest 
drawing jtaper, and as all superfluous 
ink has been removed bv tbe process, 
lines and figures may he washed over 
in tin; most careless maimer witlunit 
anv fear that they will run. Those 
who know the care reipured to wa^'h 
over a lica«y <!otted line, will fully 
ap)ncciato the advantage. 

The absence (d all distortion is a most 
i nnnarkal'Ic feature in tracings mounted 
j as above ilescribed, and may he readily 
tO'^ted by applying a straight-edge to 
' any line. Any expan.ron or contraction 
is in all directions, and may be 

I almost entirely obviatcil by a careful 
adaptatimi of materials. Very thin 
tracings should not be mounted on very 
thFk cloth, or vice versa. It will also 
be found that some tracing-papers will 
expapd v#ry much more than others, 
and, as is well known, will, if left free, 
contract upon drying to less than their 
former dimensions. But thhi tendency 
is counteracted, not oyily by the fact 
that the tracing remains stretched on 
tlie board until dry and cut off, but by 
the fact that the ^^oth will not contract 
upon drying, especially if the paste is 
well beaten into the interstices. ^ 

So far we have described the process 
as ajiplicd to thin tracings, but it is 
{ equally applicable to torn, drawings 
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*^ipnn thick paper and tn drawings made 
on the commoner S(»rfsof dniwini^-paper 
wlien it is not thou^^ht worth while to 
employ the superior qiuihlies wliieli are 
sold ready mounted cloth. 15y 

soakinij old ami valueless drawings and 
traeim^s in water for a few hours, 

(doth may easily he jieeled oil ai.^l ii 
airaiii- Jf it is desirable tt* leavi 
mart^iu wider than that on llie un¬ 
mounted traeiiiij, tlie clnlh may I 
4iet;u‘lied from the l>o:i]d where it 
adheres at the edi^es hy usintj an ivory 
Itapcr-cntler vy a leather-eili^ed scale. 
If small j)arts of tlio traciiii; have been 
lorn out and lo^t, the clnih will, of 
course, adlure to the lutard at tliose 
]>oints, and must he earefullv detached 
in the same manticr. If ilesiretl, stout 
)»apcr ma\ he u .ed instead oi the idotli, 
houirh n t so ^ood or so easilv applied, j 
Of course, \^ute calico must he used, as 1 
iiubleaLhed cloth shows an uiisi^ihtly j 
colour tlitough the ti acinar. Jf any j 
cori'Oction.s m* erasures shoul<l he neces¬ 
sary, wH* recommend the follow int; 
plan:—'lb takeout a line, till a draw- 
iii^-]icn with clean water, and, sittini^ 
it^at a rather coar.scr jiitch than the 
•on^iiiial line, rule over the line. Let 
the water lie for a few moineut<, thett 
dry w'ith hlotting-pajMT, and riih <jut 
with soft rubber, lly rejieatin^: tlie 
l»rocess once or twie.e, the line will be 
jierfectly erased, liie .•surface may then 
be polished witii the ivorv paper-cutter 
or w'ith the blade of a kmfc, Tt» take 
out a blot or a shade of cidour, use a 
wet brush instead of the drawinir-]ten. 
-\u obstinrte blot may bo removed by 
scratching it out with the point of a 
drawipg-pen dipped in clei^ \^ter, 
blotting the water off tho tracing as 
often os it gets discoloured. This pro¬ 
ceeding, howwvcr, will not improve the 
drawing-pen. , 

We will n^xt <;upposo that it is desired 
to mount a plan or a inaj) (stich as a 
quarter-sheet^ <.f the Ofdiiance Survey) 
in sections, so ns to f(dd fur the pocket 
or*frr insertion into a book. These mujis 
usnally have a very liberal margin, 
as so much waste paper, is better 
cut off, [living, decided on the final 


size, ])ri<‘k the corners through, as at 
Uftaa (Fig, Id). Turn it lace down¬ 
wards, an<l rule lines all round from 
jirick to ]irick. Then mark it fill into 
tiie re(|uisile number of squares, wdiieh 
must., oi'ciuirse, I Md* exactly equal size. 
Then number tli sipuires in succession 
before cutting, ll’ this is md. done, 
.some eomu'al results will (»fteu oe<'nr 
tiir<»ugh the sections being immnted 
wi 'i[\ Thi-n cut it up. It 

is as well t leave a slight margin, as 
shown }iv 1 ic d«dtc<l lines at hhhb, so 
as to albw the edges to I'O iiilnllv 
trimmed u| with a sJi.'jrp kmfe. Then 
wit blacklead pt 1 rule two or 
in<»re Jiurs lli IiMwiiig-board at 
rierbt iigles to r ‘h otlier, as r r, d ti 
(Kig. lb). Then, having soaked eacii 
sijunre for almiit lialf a minute, lay 
them oiu* hv <»iu> i the wetted hoard, 
coinmeii'dn'*’ with the cent re sections 
L*, d, 7, and leaving abuut J in. i»e- 
tw’een each section. WIten these ha\e 
heeu properly jdace«l and stuck ilown, 
the others, as 4, will fdlow'. Tli<*n 
apply the jiasted <’loih as abo\e directed. 
In venuiving a inaji thus moulded in 
sections from the board, it will be 
found that in the narrow space.s hetwoen 
tlu' sections it will prohahly adhere to 
tin* boiud, auil the }m}h*i- cutter must he 
Used to lietach it, (are hciiig taken not 
to “start” tlie edges, and especially 
the corners, of eaeli section ANilh tini 
edge ot the' cnttcr. If the ma]i is to be 
attached to a book or ca^e, a margin of 
cloth must be left on tiiat section wliich 
to be attaclied. Wlien removetl from 
the board, fold it carefully in the 
manner whicli appears most handy (in 
the above instance, first along the line 
ccy .and then along the other linos back¬ 
wards and forwanls alternately), and 
press it for a short time under a heavy 
weight. It will after\vards natur.nlly 
and without ditliculty ibid in the same 
manner, iu tiio case of a larger map 
with three or four rows of serfioiis, 
first fold all the horizontal and then all 
the vertical lines, nr vice versa, and 
always in a zig/.ag form, alternately in 
ainl out. The above jiroce-ss, though 
rather complicated to describe upon 



32 


COl'YING. DKSICCATI NO. 


pfi])cr, is vemarkal)ly ons}' to put in 
ju'iuitice. There is, however, one class 
of drawings, or rather engrfn’'ings, to 
which it is not ap[>iical»lt'. We allude 
to those upon unsized paper, siicli as is 
einjdove<l for the French Gt»'onnnent 
maps, anil for some lil.hogra])hs, 'rhi< 
when wetted, ]»ec<nnes as tender as \vi‘t 
hlo tin<r-]»:ipor, and is Nory <lijncnlt to j 
handle. We have .sonietiines einplo>od | 
the followitiir |trocess arrainijed j 

the section^, dry or only >hghtlv damped, 
ou the hikard, wo strain the cloth, wlneli 
imti-t he of an open texture, tiglitly 
ah<»ve them, and tlieii apply glue, as hot 
and liquid as jxkSMhIe, to the hack, j 
This, jtenetrating the cloth, ill jiroducc 
the required adhe.^ion. 

DeSIOC.\TING. (iv. lOf^-110.) 

Air Ovens.— (o) The air-lmth | 

ordinarily used in cliemicai laljorat.ori'xs | 
for drying precipitates, for making ■ 
deterniinations of wafer by loss, and for 
similar purposes, is usually a rather 
expensive piece of apparatus. The iron 
or copper closet, with its door, tuhulnre 
for thermometer, shelves, stand, &c., 
works no more satisfactorily b<i<'an^e of 
jts somewhat idahontc or ditfirnlt | 
construction. In Fig, 17 A, is shown a : 
simple substitute ftir this apparatus ! 
that as regards simplicity cannot well i 
be excelled, while its other go<id foatui'cs 
certainly operate to coininciid it. It 
ctmsists of an inverted fIow(?r-p(it .sus¬ 
tained upon air 4»rdinary tin pan or sand 
bath, the w’hole being carried by a trijmd 
or retort stand. The aperture at the 
top serves to receive a perforated cork, 
through which a thermometer is passctl. 
An ordinary Bunsen burner is used to 
heat it. As the sand bath directly over 
the burner becomes very hot, it is 
advisable to invert a second smaller sand 
bath within the first, as shown in 15. 
This, prevents too direct a radiation of 
heat from the hot metal. Upon this the 
little stand or bent triangle supporting 
the crucible or watch glass containing 
the substance to be heated may be 
placed* The thermometer should be 


thrust flown through the t'ork until its 
bulii is near tiic substance to be dried, so 
as to obtain a correct indication of the 
tcinjierature at that point. The entire 
arrangeimmt is shown in external view 
in A. 

Tik place a vessel in it or to remove 
tmi\ tlK; tlu\\er-p(a is lifted <df the sand 
baths. It Will ])f! (di.scrvod that its 
porous nature jkrovides a s])ecies of 
venlibitiou, while its Cf)m]H)siticm 
.a^sulvs it against corrosion. It even 
protects the ]>liites Indow to a consider¬ 
able extent, as flrops of water or other 
tin id fxannot run down its .sides as it. 
cools. 

I5ijt convenient as it is in the role of 
air bath for simj)le flrynig ojicratifm.s, it 
will be found more so where drying 
tubes or retorts liave to be manipulated 
at constant temperature. The ilower- 
pot can 1)4! perforatotl at apy ]daue, and 
holes (jf any si/e or .shajkc can )»e drilled 
and cut through it with an old knife, 
file, or fdher imiilenieut. Thus in G 
it is shown in use for drying a sub¬ 
stance at constant temperature in a 
straight firying tube. The liole.s to 
receive tiii'f tnht: can be drilled in aftw 
minutes. The arrangement iw shown is* 
of the simplest kind, but if the usual 
hath was used, it would refpiire a 
sjiecial tuliulatiou to be introtluccd or 
contrived for the tube t4> puss through, 
Ho\ver-j»4tts 4‘ost little that there 
need h(i no hesitation in jirojmriug them 
for special u.ses. 

In B a U tube is .shown ns being 
heated, while in E a retort occupies 
b'ne bath, and is in use for fractional 
distillat/um or other operation requiring 
a epnsti^'t temperature. In allca;ses it 
is better to use the .second bath inverted 
within the chamber. It conduces greatly 
to the maintenance of an even tempera¬ 
ture thronghout the wl^ole space. A 
hint may also be taken froi^ the heavy 
drying plate formerly perhaps more 
used than at present. If for the light 
metal [lans a heavy plate } in. or more 
in thickness is substituted, thetem^.a- 
turo will not bo subject to as rapid 
variations, and less difficulty will br 
experienced in keeping ^ constant 
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toniiMirat 111 * 0 , Tho tr.iy furnished with When the bath is in use for dr\ing 
the next size <tf yoi m.iy be used snb'^tances, its toj>, wljirh is iit a rnilicr 

iii.steaij of the ijaad bath iijiou wliioh low lieat, allbrds an excellent i»lace of 



Air orenfl* 

to rest the inverted fiowcr*pot. This drying precipitates wrapt in their filter 
gites u’l absolutely nou-corrodible con- papers. It acts in two ways. It is 
structinn. 0 generally just hot enough to dry them 
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with reasouublo qi]i(‘kness without 
danger of spurt in£f, and it also acts by 
capillarity to absorb the water directly. 
It reproM*nts in the last respect tlie 
porous tile or blotting paper—ai>pli- 
auccs too little ap})roeiated by chemists 
here, it must l>e retnembered tliat tht' 
drying of a jirecipitate h)' evaporation 
leaves ail the ini]iurilies of ihc wash 
water coucentratod therein, A\hil« 
capillary absorption removes a great 
]Mirt of both wash water anil its 
impurities, thus conducing to the 
accuracy of tiie work. (T O'Coiiov 
Sloaiie, J*h D.) 

{(t) liearing in mind th'Miniversal and 
iu^lispeiisabio utility of the air-batJi to 
the chemical analyst, one might expect 
to iind much variety and perj'ection ni 
the de.sigu and constructifiii of such an 
important juece of a]>]iaratus. Strange 
to sav, this is not ^o. 1 verv much 

doubt if tlierc is to be found any piece 
of chemical apparatus in the chemist’s 
laboratory tliat lias rei-eived less atten¬ 
tion, or stands more in neecl of it. 

This fact was forceil uimn my atten¬ 
tion by the great difficulty lotind in 
bringing certain hygroscopic substances 
to a constant weight, and 1 soon <lis- 
covtM’od tliat tlie attempt was hojMde.ss 
with the ordinary instrument, tin; 
reasons for which were not far to seek. 
In the first jdacc, in the ordinary bath 
it is imjxKssible to maintain a uniform 
temperature throughout the whole of 
the drying chamber, for, even wdlh tiic 
helj) of a theamostat, thf»ugh it may he 
regulated with accuracy for some one 
special portion, otlter parts wdli in all 
pnibability be found to be several, 
indeed many, degrees hotter or colder 
according to the circumstance, so that 
to dry a sulistauce, say at 100"^ 0., the 
bath, though regulated to stand at tliis 
point for the spot whore the ther¬ 
mometer is [daced, is no assurance that 
the thing to he dried is exposed to the 
terffj>erature desired, and if the ohjM't 
is of any considerable bulk the piadia- 
bility is that one portion of it may 
extend into a region that is much below 
a hundred, and another into a place that 
is much above a hundred. Naturally 


the greatest heat is found near the floor," 
where the thermometer is never placed, 
and the least iicat at the sides and in 
i the corners, whore radiation and stag- 
I nut ion mostly take ])hi(’e; but more 
i especially it is c«il(l in the lino of 
' draughts tliat ]>roceod from the chinks 
1 of tlH‘door and through the ])riniitive 
! contrivance tlint is a.sually provided for 
Vent iliitiou. in these parts the tempera¬ 
ture may be very little above that of 
I the external atnmsjihcre. No wonder 
then that the comjilete drying of delicate 
hygro.soojiic organic substancos is found 
to be so difficult, for before the colder 
part can be made to give up the last 
trace of moisture that clings .so tena¬ 
ciously to it, the hotter is over dried 
and stands the risk of lauiig charrcil. 

In a case like this there is nothing to 
fie got by turning and twisting the 
thing rouiul so a.s to expose alternately 
its various parts to the greater heat. 
Ill imagination one can see what occurs ; 
f)y a ]>roccss distillation and conden¬ 
sation the same kind of transference o* 
moisture from the hotter to the colder 
]tarts takes ]da<'.e as is seeu to occur, for 
' instance, 'Yhcii the attempt is made** to 
dry a <lamp flask under similar circuni^ 
stances. 

lint even this picture by no means 
! exhibits tlic whole of the perjdexing 
1 ddficulties of tracing and controlling 
1 the air currents irf an ordinary air-bath, 
j Tiioy are so erratic, so fortuitous, so 
delusive, and subject to such uncon- 
troliable .shiftings, that, practically 
speaking, it is a question wliether 
\horough drying in such a ca.se is 
jiossible witliont destruction of the sub- 
At all events the chances in 
favour of it arc so slender as not to be 
relied upon. 

Reflecting upon these (Kflicultios, the 
theory of a perfect njnthivi for air-drying 
suggested two tilings as ir lispensable. 

1. A constant current of pure dry air 
bronglit to the (lesired degree of tempera¬ 
ture before admission into the drying 
chamber. 

*2. A regulated source of heat* 

Both these conditious to be und^y 
perfect control. 
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I ]»l;icc current first as being the more 
hiiportant item, ami the one to A\liieh 
hitherto very little attention a]»|)ears to 
ha^c been ]iiiid Ro far, at all event.'*, ah 
regards the temperature <tf the current 
nhrn admitted into ilu'drying ch.iniber. 
As for the source of heat, this has been 
brouglit fairly uudeT contiol by j^e\ ions 
experimenters by the use (»f <»ne or (»ther 
of tlie several thernu»siats, though I was 
unable to dibcovor one quite suited Ut 
the purpose. 


I 

i 


tlie drying to circulate between tho 
jackets l>efore its liiial admission into 
the <lrying chamber, in such a manuer 
a.s to ensure that its temperature shall 
be raised to the re<iujre«l degree before 
it is al]f)wed to come in contact with 
tlic‘ thing to bo dried, Moreover, as a 
secondary, but still very imjmrtant 
considcMMtit)!!, the inlet of the air“bu}>jily 
is so ]il.U’ed lh.it the an* usetl for drying 
i'i l\e)>t as distinct as ]>ossik»k* from all 
cuniact or luhnivturc with the jiroducts 
of conifnihtion, such pm- 
ihicts iiuturallv being loatled 
with watery vaj)ouY and 
(’(> 2 . ^fhe pure air thus 
licatcd before entering the 
dr\ing cluinilier is evenly 
diduheil over tlie wliole area 
<ifthe Udtom <if the hath, 
between it and the ]>erfo- 
rated false bottom which 
hu'ins the floor of tho drv- 
ing chamber; the air then 
ascends bi»dily as a solid 
cvlinder, and escapes by the 
tall chimnev i»f the duineil 
glass cover. Ju this way 
vigorous circulation of dry 
hot air is (‘onstanilv mam- 
tained, winch effects a rapid 
and unilorm drying, .sucli 
as no ordinary air-liath can 
accomplish. Wc will now' 
turn to a consideration of 
the source of heat and its 
regulation. This consists of 
a Bunsen ai^;-burner placed 
in the cavity under the 
bottom, but the heat is first 
received upcm a Bolhl disc 
of metal, scparateil by n suf¬ 
ficient space from the bottom 
to prevent the heat of the 
flame being transmitted 
direct to the bottom of the 
bath, the object being to 
avoid any localisation ot the 
• lieat. Moreover, the m#ss of 

To meet these requirements I have i tlie metal disc, besides, acting as a dis- 
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thermostat. It is tu ho oh^'orvo'! that 
within the two j.u'kots alrtouiy ^p^ikeii 
of is j)l:wed an annular copper vesM*l, 
which forms tho houndaiy u.ill of flie 
dryinij rhanilHT. Tliis js ;i cydinder 
composed of two tlucknc'^ses of thin 
shoot copper, em losiiicr aii air-space rd* 
5 mill. id«j, JtS cm. <'ircint, and 
cm. ill lo*c,dif. It sccnndv 
closed fop and and has a capa¬ 

city of 1100 cc. This constitutes Iho 
heat rpi^ulatiui,^ <‘}iamber or tlioriuost.it, 
the cavity of which is cuinected up to 
a U tube, haviiu 4 mercury in tlv l)*‘nd. 
(las is admitted on tlie oth4*r si le of the 
U, and hy means or an arram^euieiit, 
sueli as is usual ill a ^as tlicrino.stut, 
depression of the mercury in one Jnnh 
c.uts oil'the iniin l,^as supply, which can 
then reach tlie hunier by a small hve 
]Kiss <mly. l»v means t>r a screw at the 
to]> of the other liinl> of the U, air can 
lioiulmitted into or allowed to esc.ipe 
from the iN^i^ulator. With the rise or 
fall of tin; tempoiMture, and the eousi*- 
(juent expansion or eontruction of the 
air contained in the rc'i:ul.it<n’, pre.>sure 
is exerte I or withdrawn from tiui 
surface of the mercury, winch is 
tliereliy fiii'ced down the one limh and 
iij> tlie other. 

The reference letters indi<’ato as 
follows :-A, Diaphraj^m coinjilctely sejia- 
ratini; the(IryiniT from ilie lannbusiion 
chamher. W Perforated false hidtoin. 
C, Outer jacket. I>, Inner jacket, E, 
(Jopper rei^ulatun; chamber (»r thernio- 
fitat. F, l>aflb‘ ]il:ife. O, AjuMdures in 
jacket C i^iviin^ admission to air for 
combustion. II, A]iertures for the 
passage of air between the jackets for 
drying. I, One of three a]>ertnres for 
(‘scape of ]»roduots of combustion. K, 
A]>ertiires in inner jacket I) for pa*-sage 
of drym' air. L, Burner. !M, Tliick 
metal pLite for receiving heat of the 
flame. N, Mercury U tiiJio. <>, And its 
connection with copper regulator. J*, 


egre<» Centigrade ]>oing ’OOdOT, the^ 
alteration (»f vedume for a single degree 
of temperature at boiling point will be 
about cubii; centimetres (2 •95), It 
is tberefoio plain we have here a means 
of regulation of the temperature of 
(*xtra(»plinary sensitiveness, and ac- 
; cordingly we find we can command 
wliat practically amounts to a fixed 
temperature at any desired degree, and 
seeing iliat the copper regulator 
I entirely .snrrounils the rirying chamber 
I an! that the wliolc of the air einjdoyed 
in iht'drying pn)C(:i>.s must of necessity 
sweeji both its surfaces, exterior and 
j interior, amounling to nearly half a 
j ( 4459) sipiaro metro in extent, it 
! follows that no bical currents can 
interfere with the .accuracy of its 
workings. Von will agree, 1 am sure, 
that this a grand ]ioint. 

A Page’s regulator, or any similar 
instrument, may be all very well in a 
still atmosjthere, but wiieia? a current 
is coneenu* I it is not unlikelv to Vie at 
fault and thvf»wn out of working from 
one cause or another, purely local, such 
for instan(‘e as being shadowed by an 
object in process of drying, or be/iig 
pbu-ed where tlierc is either an undue 
[ amount of (Mirrcut, or too little, or in 
i an eddv. Our arrangement has a 
furtb.er advantage of occupying no 
space within the drving chamber. 
Having said this Ihuch respecting the 
]>nnriples involve 1 in the design and 
tio! nuiile of construction, let us now 
: jjass to a consideration of its jwrform- 
I ances; but beft>re doing this it will 
lie as well to relate some ]mrticulars 
concerning diilicultios encountered in 
coi» -"“'ion with the regulator. •"When 
first set in action ihero was no getting 
a lixeti degree of heat; the thermometer 
kept steadily mounting, decree by degree 
without apparent cause. • Naturally wc 
looked for some {*scapc of *Air from the 
(thambor of the regulator, but the closest 


Screftv whereby the degree of heat is inspee.tioii failed to reveal any point at 
regulated. H, Gas supply. S, Tube with which escape could take place, and it 
bye-p:iHS. was only by immersing the CMiper 

J have already mentioned the capacity regulator in wafer and blowing through 
of this copper regulator is 1100 cc., tlie tube attaclied that enabled ua to 


the coefbeient of expansion for one discover several tiny ieaks-'a the solder* 
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After thefJf. were iiinde and tin* (ibserve sails round fiunousl)' ]iy tin* 

test repeated, the tljernntmeter still , inijiaet of (he nirreiit. 
recorded a constantly increasing teni- ( 1 have attein}ded to measure the. 

]>eiMtnre. Again and again \\e \\<‘nt \ amount, (tf air that jiaNses tliiough the 
tlivougli the jn*oc<''>'> of seaicoing h>r ’ in^tninnnt h\ means tjf an anemometer, 
leaks, hut all in Y.iin, l‘'i\ity of i uiul lind that it tra\els along ncl'iinuey 
temperatnro se<‘med iinpossild#^ wlien whoso sectional area h*4llb in. at 
at last 1 observed some coniloinftion fd’ tin* rate of ‘JO-I ft, jk'i* iiiinufe, fioin 
moisture uilliin tb U tube on thi j uliitdi I labulafe tiiat no lo^^s than 
regulator side of the i _ ; 7*bS7^ cub. ft. ot air pas.-, through the 

once gave the clue to tlie cause oft aj»i»arat us per minute, 
lise ol tempeialujo. hai b liino [ I|. Tin* next ptuiit of inn>oitance \\as 

iinniersing the regulator in the \v »t (to ascertain that tliis cnirent uas 
\\Iu‘n search was being made tor leaks, eveul\ disfril>iited tbrougliout the whole 
a Muail anioiiiil of inoi.stino must have settmual ar< :i of the 4lr\ mg chamlMT. 
gained access into llie interior, and tills, ; This vtiual distribution jou will 
as the temjiorature of the hath was , oji-^mwe wa^ arriveil at l>v making 
raised to boiling point, became C4>nver1 ed \ tin* iiisi runuml. circular anti admitting 
into steam and mingled with tin* con- 1 the air at points place! at etpial in- 
t.iined air. So long as this moisture tt‘r\als all rouml, and by suiTonndiiig 
leinaiiiciat the liigli temperature td I lie the low er ]>art of tlie inner jacket witii 
niteiior of ^lie regulator, if CAciteil tlie a cur\ed flange projecting inwards, the 
vajiour tension dm* to that temjieratiire, | fdjrct of wlucli is t4> direct tiio current 
hut little by little a certain ]>ortion l lu>rizontally lndwoc‘ii the true and llie 
h»und its w’ay into the U tube <»ut of j l.iKe hott4im, and so j>re\ent its juv- 
rcacli <d‘tho heal, aiul tlien'upon de- ! mat lire pa^-^age through tlie perforations 
positi'd its iiuusture hv coiuleiisatiou on , id’ the laKe iHittoiu before liaving h.ul 
the sides of (he tube, pnHlucing of ^ time to lake up heat fr4un the h*ittom 
cfuii’se a partial vacuum in tin* tube ! ]date, and hv timrongh mingling and 
and thereiiv drawing in a fiesh sni>|dy mixing, preventing Imal inequalities of 
of hot moist air and steam, so tliat temperature. 

at last quite a ci.nsidtTahle amount That thesi* designs xvork well can ho 
collected in the U lube. Kt'W. seidng deinoiistralf l by tin* smoke ofsmoiihler- 
that 1 cc, of water at lo'h' C. will ' ing brown jmper, whicli shows that the 
Jiroduce IdOG cc. rtf steam at lOtt’ at current sjire.-nds it.^elf over the whole 
ordinary barometric pressure, there is :ir4‘a; there is no <’ie*‘piMg up the sides 
110 need to dwell further upiui the or centri*, it seems to pervade equally 
cause of onr didiculty, or the uecesdty the whole space. ^ 

for keeping the interior of the ctqqior ill. Tlie final point that we ha^e 
regulator quite dry. • thought it important t4> imiuire int4) 

Kow', w itli res]>ect to the performance relates to the vertical ilistribuliou of 
of t^jis instrnini’Tit as an r’’^iJ^‘'*ing the boat. 

but*h, I have directed my exjievimentK At one time I was strongly tempted 
to the denionstration of three things:— to liead this communication with tiie 
1. Ihv bh^w the existence ol', and title of *‘A IVrfect Air-bath,'* and 
determine t^e amount of, curient | should have I'entured to do so but tor 
passing llir^ugh the bath. the practical impossifulity of id)taini«g 

TJie passage of the current is rouglily a perfectly equal temperature Irom 
but abundantly ilcmoiisfratcd by hohling top to bottom. For a certain •very 
a flame opposite any one of the twelve ciuishierable range it is sufficiently to 
aif_inlet&; you will observe liow the for all jiractical purposes, and far more 
airf-ushes in. Again, at the outlet (he so than it is, or can he, in any ordinary 
current U manifested by this mica bath, tor the convenience, if not the 
whirligig arrangement, which you j necessity, of the case, the source of heat 
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is applied to the bottom, and you will | 
remember we have interposed a lari^e ! 
mass of metal between tin* llame and I 
the bottom for the j>nrj>osL‘ of moileratm^, ' 
storir.'jf,and distnimtmg the heat ; but, . 
nevertlieles-', all parts iu metal lie eon- ; 
ncctiou therewith irei hot by e<induetiuii ' 
more in proportion as they are near to | 
the houree of hi*at, Tliev iu turn 
Leo»>me radiators, and anv objfi*t pl.ir^Ml 
^^ithin near ratine of then* radiation 
before the air ('wrrent li.is bad tmn* to 
take up and distribute the same, i^ct^ 
nnu'e tiuin its sliaro *d‘ luat. Our 
e.\jH'nm<*n 1 s show that tin* us<'l‘ul rain^e 
i'l anvwliere above d in. i.f tin* bottmn. 
Jielow this nil loiibtodl\ the L'miperatun* 
biereases rapi II v, and niorf* s<» tiie ili)-.er 
tlie bottom is ajij'rnaebeil. Almut d 111., 
and for tlio wbob* of tlie rest of tin* 
drvinii-ehjnnber, the oxteni of the 
variation In-tweeii any two \*aits do^s 
no« amount to nnjre than from 1 “ iS-n- 
ti;j:riide. 

Jn tln‘se sev<‘ral wavs we have en- 
deavouroij to m(*i*t the ivf|uiivinents of 
a theoretieally perleet batli. NV’e haw 
contrived a:i instrument that provide’* 
a vigorous eairreiit of heated air of 
detimte tenijierature under ]K‘rfeet 
control of a self-aeting Source of beat, 
and out of reacii of <*ontaminatiou by 
the re^iilfs of coiiibustion. Taken 
together, tiiese rc’^nlt are, I submit, 
satisfactory, and show the mstiumeiit 
to be a substantial improvement on the 
ordinary air-bath. 

■r 

Ah regards r'^gulation of temperature, 
this is as siin])lc as |io.ssil)] Jt can l>i 
Ket at anv teinjteiMture >visln il for, from 
that of the room uj) to any <legn:c that 
can be required, in the eourse of a few 
minutes. 1 have only to undo the serew 
(l')and allow a little of tlic air con¬ 
tained in the copper chamber to escape, 
and when the desired ieni[»eraturo i.s 
reached, screw it ilown again; tliis, by 
preventing further cscajie, fixes the 
temperature at that point. On the 
other hand, if I want to lower the 
temperature, 1 sliould turn the gas out 
and allow air to enter the cojiper 
chamber until the temperature stands 
at the desired point. A tiiennozncter 


hamrs from the chimnev, and the 
toinperatiin* can be seen at any mnmont. 
The 1 emulation can la* accomplished not 
onl\ evai'tiy but immediately, and 
imircMVfV, the temperature is absolutely 
tixed. It may he set going on January 
1st au^ go on to iJeeemher 31st, and it 
will not vary. It nia^' do some good to 
put some a^bL•stos on tin: upjier surface 
<ifthe diapliiMgin that divi les the drying 
nn<i <oiidmsti(jn chambers* (M. A* 
Ailams, F.fJ.d.S.) 

(c) (.diloride of ealeium is cheap 
(ludug a Waste product ), ea>ily jiorlabic, 
and when it has absorljcd moisture it 
ran bo ag.un made tit for u^e with no 
iihire eomjtiii'.'ited apparatus than an 

]>ot. Ail* dried l>v means of chloriile 
nf caicuiin has, thcrefiire, v<‘ry naturally 
come into ikhc for drMiig jntrpo.ses. 
lint it N soinetimeN emidoved in an un- 
s itislactorv manner, by a« mechanical 
arrangement. 'I’iie ihloriile of calcium 
is alternately e.\posi*d to tlie nil rent of 
air in be dried. Jind i.s tium passed into 
a furnace, in tlie o\j»ertation that mois¬ 
ture will thus he alteniatelv absorbed 
and expidicd. This \iew seems to be 
erroni'ou.s. <’lilorule of calcium pjifts 
With two-thirds of its water at 3912® F., 
and loses the remaining third at a 
higher point. Unless the heat is carried 
to this point, tlie chhtride of calcium 
does not rec<tverits original ca]mcity of 
water, Jf it has Hceii thus heated, it 
wants .sudicient time to enable it to 
cooi down to a temperature btdow that 
at wiiich it parts with its moisture. 
Uliloride of cab'ium, at temperatures 
.^iliove the boiling jioiut if water is a 
eomparativtdy )ioor desiecating agent. 
Tiigr'*'v auotlicr method in iwhiLdi 
chloride of calcium may be applied 
in desiccation, a method often u.sed 
in the laboratory. The ^substance to 
be dried is jdaced ,in f vacuum—or 
even in a closm). receiver^' filled with 
air at the ordinary pressure—along 
with trays of chloride of calcium. In 
thi.s manner, the moisture evaiiorating 
from the material is at once abso^b^^d, 
and fresh moisture can be given oiF to 
take its place. 

(d) lu Fig. 19 is shown fjm eiscellent 



DKSICrATINfi. 


S9 


appriratus A»r dryiiij^ ten, and iron Oni, whit-li will draw hoat 

every kind ofagrioiiUuTril product. The from a distaiuo of ^O-lOO ft. (', ('liim- 
reference letters indi<*iite as follows :— iiey and valve, to carry oil' Miiokc when 



lire U llrst ]i‘dit«*d. c, 
Tlu»nrif)njL*tcr or I*y- 
nmioter. I), Kml-hopper, 
into whicli the grain is 
conveyed hv fin elevator 
from heloiv, orliy a shnte 
fiom an niiper floor. K, 
t’yliiuier; when of 18 ft. 
and upwards, can he made 
in two leiigilts, joined in 
the cent re by flanged 
lings. K, Klevatiiig gear 
loriaising and depressing 
c\ linder. (J, Air-duct 
made of difli rent set^tiitiis 
to suit ^litfeient products. 
II, I*aii of the outer shell 
removed to slutw' the cells 
ill which tlie grain is car¬ 
ried up and jHUU'ed out in 
a contimial stream;—the 
number and pitch of these 
cells is also varied for 
Various products. 

(<') The <‘iu>l air drying 
machine which we are 
about todesenhe, is hosed 
upon the priucijdc of dry¬ 
ing the air before it in 

turn is used to drv the 

•• 

material to ho operated on ; 
and this drying of the air 
itself is performed l)y 
hriiiging it into contact 
W'ith a system of iron tubes 
hefitcd iff a furnace to 
aljout F., when part 
of the aqueous vapour is 
dissociated into o.\ygeii 
and hydrogen. Theox\gen 
attacks the surface of tho 
iron tubes or other pieces 
c'f iron, such as nails and 
filings, placed tlicre for the 
purpose, and the hydrogen 
])nsscs aw'ay with the rest 
of the air. If, no^, this 


mixture of dry air, with n 

ApBrick box in which coke is burnt, small percentage tvf hydrogen, be cooled 
» or a flue to convey waste heat from again to the original temperature, it wdll 
any fumye. B, Comjmund wrought- be capible of taking up as much mois- 
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turo as it oriirinallv containcul, Puwcr is 
8U])j)liO'I by a Uolx'y iiiidertyjie stc*ani I'ti- 
giiu*, which works two fans uinior ' 

a woollen hoi., and a uuniher ot'verln-al : 
acitators ijlaccd in tlic drxinir ch?nnlM-r 
between the The air from tiic 

fans is forced thront^h a senes of vertical 
tubes ])laee(i in al)o\ terlinicallv teriiieil 
the ‘“coolei.” After tiu* tiihe.s, 

it is foru;d tlirmii^h anntlnr senes ot 
tulies |du‘ed in the “ fuin.K-e,"* and is 
there heated to alnint l.nur’ V. After 
]>assin^ tiu'oui^h the fiirnaeo tnhes, tlie 
air is conducted hriek to the cooler; but | 
tfiis time it surrounds tlie outside ol , 
the vertical tubes, and flows iiiiallv t*) ' 
horizontal lines pl iced <»n the ground, 
which lead into the. druhL*' ciianiher. I 
'I'he air, on <‘innini; from tlie j’urnaee, is 
etfoleJ by contact with Iho outside of 
the tubes, throuj^h w In eh fresh air is! 
imsheJ into the lurnaee ; and the co<plei‘ 
in this manner ]»erl'onns two funetions, 
\iz. it heats the an* on its wav to the • 
furnace, and it cools the air alter it lias | 
h'ft the furnace. The machine Is ]»ro- ! 
vided with a secoinl eooler, teehnic-ally 
termed the ‘^w.ifi'V cooler;’’ Init this 
is an addition made merely for tiic jnir- 
pose of exj>ernuenfiic'. The water 
cooler is arranged soiuewliat in tlie 
iriaiDier of an ordinary surface condenser 

V 

of a steam eni;ine, with the only difler- 
enre that, instead of exhaust stc^ain, the 
air coming from tlio air cooler is ]tas^cd 
through it. This water (*ooler can he 
filled more or less Mviih water, and 
the water can ho rcneweil at a faster or 
slower rate, this means, its crioling 
effect upon the stream of air can he 
varied so as to obtain the dry air finally 
at any desired temjierature between 
150° V. (the teinjicrature to wliich the 
air ccMiler reduces it) and 00 F,, or even 
less if desired. Tiie w'ater cooler is 
never used in drying machines wliennot 
rofjuired for ex]H‘riinei)tal ]»urpose.s; for 
actual practical work an air cooler al<»iie 
is used, and its size is so cho.'-en as to 
redueV the temperature of the air to 
the desired degree. The goods to bn 
dried are stacked on trolleys and run 
into the compartment, care being taken 
to put the heavlestr stuii' iirst, because 


it riMjuin's a longer time to get dry. 
The agitators are worked from bevel 
g<*ar (tAevlu-ad, and are ])laced o\er the 
mam lines hv whii h the drv air is con- 
\eM*d tn tlie dr\iiiir thamher. A hole 
about loin, diiiin. is <‘ut in the to]> ot* 
the flue below cub of the agilaloi>, and 
tlie air-strciimiiig u]» through this hole 
Is M'atfiU'ed abonf hv tlie fans of the 
.■njitatiTs, so as to penetrate tiio inter- 
stnes lelt between the stacketl goods. 
In this wav tin* wlude of the suiTace is 
c\cnly suriouiidetl }»y a ‘jentic stream 
of dry and ccanjiarativiOy cotd air. The 
air, as it jiasse^ lliroiigli the .stack, }»(»- 
comc.s charged with moisture, and if it 
weie not (juiikly removed, it would 
impede tlie i'urllier process of drying, 
'fo fanlifate its rcnmvai, exhaust fans 
are arranged to draw the air through 
the lodlow lining of the walls of the 
dr\iiig chamber, and diM'hargc it into 
the atmosphere. The wlude'air <'ontents 
of ihedr\ing chainher, wlicu full, are 
iliaiigeil every two minutes. At the 
time id’our vi^it, we saw in tlie drying 
ciiamtK'i* in.ihogany boards 
thick, oak flooring, also some walnut gun 
slocks, a large pile of billiiird cues, and 
a ])ig paicel of piiu' deals 12 ft. by in. 
by d in. d’iic best jiroof that the drying 
cd’ tlie wood is effected w ithout wrarping 
lies ill the fact tliat billiard cues can be 
successfully treated. Hoards 1 in. thick 

V 

roijuire tn be left in the drying chamber 
for ahont a fortnight, 2-in. stuff would 
be left in a month, and so on in proper- 
fion to tlie thiiitness for lieavicr stuff. 
We may take it that to stack mahogany 
hoards in the open air in order to soa.son 
tile W()od in the old way,xvould cost about 
(is, a square, that is, inclusive of ground 

insurance, and interest on the 
ca])ital lying idle. The timber will in 
that case take about twelve months to 
become seasoned. Jf artificially dried, 
the jirocess wdll be coj.ijiIeted in a fort¬ 
night at a .sotneevhat, smaVler charge 
than Gs. ]icr square. Thus the artificial 
method is not only chcaj>or, but it has 
the great .advantage of enabling l^e 
money to be turned over quickly,,‘/in¬ 
stead of lying idle in stacks, {Industries,) 
Water ovens. —la Fig. 20 is shown ^ 
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\ ji constant water bath, c(»nsistiiiij of a 
.M)naro box A, sn|tpoi trd <)ver a Flclolicr’s 
soIh! jlaino bTinnM'. The topnl’llie liosJ, 
I.‘» X ill., ih forniftl by a l^rass 

plate, 1 in. tliirk, which tiius is 
en(>iigli tosiij^Hirt a considerable wei^lit 


20 . • 



Wati r oven. 


AMthout yieldinjj, the sides ami bottom 
oeiiig .sheet copper. From the point, H. 
l>n>jGcts a JJin brass tube, B (•, wliicli 
turns up at ri^t anji^le. At E is a 
sto]>-cock, ifhicU is cotuected by a thick 
rubber tube with the g'lass tube, D F, 
which is fastened against the adjoining 
Connected >vith C by a rubber 
joitjj is a J-in. block tin tube of *20 ft. 
ien|lh, which extends up the wall in 
"he manner shown to the Inghest point, 


T, ami thence returns and endsjiisl over 
the bh_c:htly rinniel-sliajird to]) of the 
glass tube at 1). 'Iliebiitli b( ing tilled 
uith water to jii-t, llu* b\el, 1> /), m.iv 
, lie Kept ctiUhtaiit Ijy bciilmg for many 
tlays i(bout ajiprecMtle loss of water, 
the steam being condensed in its]).issage 
u]), or, if iiiicondeiised before it reaches 
tijc ]niint, T, in its passage down the 
bloik tin tube. In jlat-bottomed ])la- 
liuinn or ]»orcc]aiii ca])sule'', evn])oration 
goes on \cry ia|»idl\ when jdaced <-n top 
of this water-bath. 'I'iic whole surlhce 
of the bath is nickel idated. {.Ivurual 
<)/* Ah^tiifUufl Chnmsti'ij.) 

M I .CIJ AN it!AL MI ,Ti i( )l>s.—Foremost 
among mccbanical .*i])]iiiancps for this 
jiiirpo.se ranlx-^ the ceiilritugal nun bine, 
or iiydvo extr.utor. Jn principle tins 
iipjiaraliih consists of an ujuigbl drum, 
\hich can be made to nMoive witli 
gnat voJocitv on a vertical a\lo. 'I’lu' 
<li'uni luav have its sides <‘<>nstructed of 
sheet mi till, perforated with Ji multitude 
of tine holes, oi wire gau/e projn*)!} su]»- 
[ ])orted, or of baskid work, according to 
i the nature of llic siibslaiiceS to In* 
tn*atei|. 'Ihe drum, being charged 
w ith jiiatcrial, i''ret in i[uiek rotation, 
'flie water pie^ent is tliu.s expelled 
through the jiertoialed sides in the form 
of u tine shower. This process is exeoed- 
ingly well udujdetl for renu>^*m.; the 
greater ]»:irt of the moisture from cloth, 
\ani, inisjiiin wool, A'c.; also from crys¬ 
talline and granular substinu'es, Jt is 
not .so well .'idajited for drying wet 
jHMvders, (tastes, iVc., since in such cases 
a very coiisidenibk* jiwiiyt^rtion of the 
stdid matter is ju’ojected away along 
w’itli the liquiii, so the holes may get 
choked up. Thus it has not. hitheito 
been foumi satisfactory for drxiug 
sewage mud. Its use recinires, further, 
sitecial nuidiileations where tlie Injnid to 
be got rid of is not juire water, but holds 
useful, nr hurtful, inattcis in solution. 
A recent very simjile impruveineiit has 
considerahly extended the use of the 
hydro extractor. The materials, iifStead 
of being jmt into the drum loose, are 
inclosed in bags of some Buitublc 
material, thus preventing the disper¬ 
sion of the solids. This method has 
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Itet'n very suc(.’ps>.fully adopted with j 
hutter. It must, howovov, be romein- | 
hfi'i'd that no substanre, es]>prially if of j 
ori;auii; iiaturo, ran bo rendered abso¬ 
lutely dry by tiie use of the liydro ex¬ 
tractor. 

Another mechanical agency for desic¬ 
cation is the jiress, nu>ro e‘'peci.illy 
that device kmnvn as the lilter press, 
which has jiroved itself iuvalimblp for 
separating solids from fluids a\ hen the ! 
latter largely predominate. Tins appa¬ 
ratus eontaius a number of cells, eaeh 
consisting of a couple of cast iron plates 
lined, when iu use, with suit;jbie cloths. 
Tlie iuuer surfice rd’ ( udi platf shows 


a number (»f ridges, ’fhe liijni I paste 
is forced hy a pumj), or pres-, into eacli 
cel! through an apiTture, and the water 
escapes through the ilotli, aud trieldes 1 


di»wn between the grooves formed of 


several countries where severe weather 
ju'edomiiiatos common salt is obtained 
from the ocean by exposing sea-water 
ill shallow reservoirs to the action of 
the frost. 'I'he water becoming frozen 
separates from the saline bodies which 
it held in solution, and on beiug removed 
in thf form of ice the latter can be 
ci>]lected from the bottom of the 
receptacle; or repeateti coatings of ice 
CPU be taken from as many freslily 
admitted supplies of sea-water till the 
.s«)lutbin reaches a higblv concentrate'! 
form, needing imt little evaporation to 
alhu'd a crystalline product. 

Anotber direction in which the 
cont'eutr.'itiou of solutions by cold is 
.successfully applied is in warmer 
countries where sugar forma one of tlie 
agrieiiltiiral products. TJius in Ohio 
the n.ktive women were accustomed to 


the ridges to the pipe at the bottom. 

In Jolinson’s press there arc s<*voim1 
improXM-nient^. In the centre of each 
plate is an aperture, xvhich places a 
whfde scries of cells in connection, so 
that a liquid or paste introduced through 
one inlet fills the wliolc series; 
grooves cut in the plate facilitate the i 
esciipo of the press liquor to the outlets, j 
The number of ridges is very great. 
The ju’css cloths are of diiferent kinds, 
ac ‘orJing to the material operated upon. 
The ]iressure which may be exerted by 
mcjins of steam or air ranges from 50 lb. 
to 100 lb. per sq. iiicli. 

The filter jiress, like the centrifugal 
machine, only expels a part of the water ; 
in mud, &c.'^''i.hns, if a sewage mud 
contains at tlie outset 00-95 ])er cent, of 
nioisturi;, it may be reduced by the filter 
]iress down to 50-60 per cent., according 
to the time during which the pressure 
is maintained. It is only in a few cases 
that hydraulic presses, screw ]iresse.s, 
&c., can be employed for desiccation. 

By cold. —The concentration of 
saline and saccharine solutions by the 


cxpoa«* tlic syrup as uolleotcd in .shallow 
jmns to the night air, when the cold 
woul I Mifhce to freeze the water and 
form a crust of ice over the thereby 
concentrated syrup Ifclow. Tim bulk of 
the superfluous water being thus got 
rid of, very little further concentration 
by means of lire is uccilc 1 to product* a 
solid sugar. ' 

DiSTILLINa. (Iv. I10-U3.) 

Mercury is now so largtdy used both 
in the laboratorv . aud lor industrial 
purposes, such as ore reduction, electric 
engineering, aud so on, that a quick and 
ellident means of purifying it is a valu¬ 
able acquisition. An ajqiaratiis for this 
\ urposohas been devised by.l. W. Clark, 
Deinonstr.ator of Physics in University 
Colhpj^C- I.iverjtool, and w^as rc'^eutly 
brought before the Physical Society of 
London. 

The usual processes f'^r purifying 
mercury are either chemical, such as 
treatment with dilute .su1,nhtiric acid, 
&c., or mechanical, .such as shaking and 


absiractiou of surplus water is another 
branch of desiccating. This is usually 
performed by means of heat, as described 
uu'ler Kvaporating, but may be some¬ 
times advantageously eflected by the 
aid of a low temperature. Thus iu 


filtering through wasli-leather, or dis¬ 
tillation, either in vacuo or under the 
ordinary atinosplieric pressure. Of^ll 
these methods the best is distillatl^\i la 
vrtciio, > 

Prior to distillation it is ;vell to filter 
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tho morcury tliroiicjli a (‘(‘in* of writini^ 
]iji]ier with a V(*rv small orilice at tiie 
ajif'X. nn<l lu rcinovo tho loa*! or ziiicj 
]‘V**^ont liy rlioinira) means; lor the rate 

(►f th.stillation is lowereJ hv 

• 

iinj»uiitips. The of 0‘0001 

]tart of lead is said by Gmeliu l'a*aut to 
rediiCL* the quantity (ifnu'vcnrv (ustilled 
in a i^ivon lime from t«7 to 5. (loM, 
iriiliimi, copper, tin, iiickel,, eadmiuni, 
and JirM'uif! do not inlluenee the rat(‘ of 
distillation. 

The diht illation of merenrv at ordinary 
pn‘s>nre is an ineoiiv(*nif‘nt ]»rcM‘rbs, 
Tiie lirst ajvparatus frr di^tillinc; ia 
varitt) \\ as pi'ohahly (l“vised by Weinhoid, 
and others have been desi-nied sim^e by 
Weher, Shaw, Wrii^ht, and others. 
1’he arr„ni^ement of (^lark. In.\\ ever, 
(bll'eis from all these in the imjiurtanl 
r«*.s]M*et t)l‘dispeii'jing with an au\ilirir\ 
Sj'iengrl jiii* puinjt, and m, so to speak, 
aetiiig as its own air pump. 'I’liis is 
elleoted liy supplying 1 he merenry to he 
distilie-l fiom a movahle reservoir in 
the form of a roiistant ievtd la^irnlator. 
Ou raising this reservoir, Fig. ‘Jl, the 
inerctny is siJjqilied to the distiller. 


21 . 



S he distiller is shown in section in 
22, and consists of a lead glass tube 
• a ft 30 in. long and about J in. internal 
diameter. # About 2 in. from its closed 


upper end is blown a bulb about 2 in. 
diameter. The lower end ]iasses through 
an .air-tight cork rd’ rubber, closing the 
top of the ci-^lern (/<*, and ends at a 
little below the tube f. Tht? cistern dc, 
is made of glass tube 1 in. diameter and 
12 in long, and has tw'o short jiiecc's of 
“ quill ” tubing c/sealed into it. The 
lower end is aNo elosed by a cork, 
through which passes a jdece (»fS]'rengel 



tube i 3d in. long, and having a piece of 
quill tul)ing k about 24 in. long sealed 
into the upper end. 'riie top this 
tube is nearly in contact with a. The 
internal diameter of the Sprengel tube 
.should not imieh exceed 1 mm., and th(s 
bend of the lower end is bestwiien not 
much more than 1 in. radius. 
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Tho lust* of tlu* stand is a Avoodon 
Iray CD, fitnn wiiich i’Im's a board D K, 
<*arr\iiHj; a sholf A K, ]'Oifonift*d in tlu* 
s\itli a holo allowing;; the 
liulb to jiass it, A larj^o corL 

!^' IS l*<)K*d with a lu»lo ol' ratlioi* luss 
diaiuctor than thii tuhr iCsand tlu* ourk 
is cut ill halves. Tlie lube is held in 
])nsilion ])y twistini^ a ]deee <d’co]t]n‘r 
A\ire round the hal\<*s of the cork. 'I’he 
eislern is .serured by slriiu^ ]»issiiii; 
thi’ouii^h hides Hi tin* j»rt»jretiiii:r jne<*c of 
wood lb A bliM'k of wood seiwe.s to 
siijijiort the end of the tube /, and a tin 
cylinder iiotcbei! round the to]', and 
covered witli a tlafc tin jdate, keeps the 
bulb surrounded w'ith hot air, while a 
mica window" at the side allows tlu* 
lieitclit of the nuTcury in the bulh to he 
easily hee*n. 'J'lu* ]>i|)e of tlie bra-^s run; 
burner ])asse*' throuj;}i a liole in the tin 
^as plate, aiul the rin:::, s!ii;htly larger 
than the bulb, i-* jter(orated on its 
iii'^ide with nianv holes. 

4 

Tlie constant Ie\el rehcrvoir is a l.irge 
glass bottle provided with atubuliire at 
the side. Similar l)ollli*s are now made 
for the mercury ])Umi]>s ofcd(‘ctric iucaii- 
descent laiii]> manufacturer^. Into the 
Inbulure passes a glass tube h aliout 
«}in. long and ^ in. diameter. Its outer 
end is closed, and into the up])<*r and 
under sides are sc.iled two pieces <if 
([uiU tubing Ij. The to]i of the upper 
end is ojieii, I»ut the lower^ is connect (‘d 
with the cistern of tlie distiller by a 
narrow piece *»f rubljor tubing m, about 
oj ft. long, inclosed in a canvas tube. 
The “thistle'''^'-'''unuel i and small glass 
Ktop-co<’k S are alsoiitted air tight info 
the bottle hy a rubi>er tube. The 
reserv(dr is j»iaccd on au adjustable 
table stand on the shelf 11. 

To set the distiller in action, the stiip- 
coi k S of the reservoir is <»pened, and 
some mercury is jioured through tlie 
thistle funnel i into the roservedr, while, 
with a short piece of i iildier tul iiig and 
glass rod, tlie tube c is closed securely 
(Fig.';i2) at the lop by the cistern. 
Then tlie reservoir is raised. Tlie 
mercury grailnally rises in the cistern, 
and by compressing the air in the upper 
part is fiwed up th? tube ahy and then 


fiiliiig the bulb sprengels ” down the 

lube hi, 'fho lesi'rvoir may then be 

lowered to its stiiud on II, and the 

rubber sto]>jier reniOAcd from the tube 

i\ The r<'sr*rvoir i< set in aetion bv 

* 

attaching a ]»iece of rubber tube to the 
stoji-cock S, and sucking nut air until, 
passing dow'n the tuhe /, it bubbles up 
tiirough the mercury in the reservoir. 
Then the stojj-cock is clo.sed, and the 
r(*.si'r\"oir is adju'^ted at such a height 
iiiihe stand tliat the mercury is nearly 
at the toj) of tlie bulb in tlic distiller. 
'J'Jius set in action, the level of the 
mercury in the ci.stern al will be kept 
constant until al]nor.t all the merenrv 
has heen distilled. 

lo start the distillation, the tin plate 
Aviiich covers thecyliiuler II is removed, 
ami the gas is lighted. A few minutes 
biter siitlicient inercurv will have 
distilled over to disjdace ^the impure 
mercury originally jirescnt in the 
uairow Sprengeltuhc i. 

Tile ri'servoir i.s re])!enisbcd with 
nu‘rcury witlioiit interrupting the dis¬ 
tillation, by placing a screw" ]>incb-cock 
on the rublier tube leading to the cistern 
of the distiller, opening tlic cock S, aibl 
I>onriiig the nn*rcury into the ro^ierA'oir 
tbrougli the funnel t. Then a few 
bubbles of air nro sucked out of the 
reservoir as already described, the .st(vp- 
cock is closed, and the scicw chimp is 
roleased from tlio^.rubber tube. Tlie 
level of till? niercurv in the distiller 
remains as before. 

Such an apparatus as that illustrated 
will distil about 2 lb. of mercury per 
bffur with an expenditure of very little 
gas. Zinc, cadmium, iiingnesium, and 
other metals may also be distilled by 
the .s?ifi?e ]dan. 

Water, —The arrangement shown in 
Fig. 23, is one that mnyorendily be 
ndajited to, and is apei'ialjy suited for, 
the old hishioned stills w)iicli are in 
fre(jiient use unioiig pharmacists for the 
purjiose of distilling w'ater.« The idea 
is extremely simple, but thoroughly 
cllicient in actual practice. The stiil*i« 
of thin copper, 2 gal, capacity, andftthe 
condenser is the usual worm surrounded^ 
with cold water. Thcoverilipw of warm 



PISTILUNG. EVAPORATING. 


45 


^watcr from tlie (HHiJonser is not run into 
the waste jMpciis in the ordinary course, 
but carried by means of a bent tube 
A, B, C, to the supply jdpe <tf the still. 
The bend at B aets as a trap, wlncli 


dient a still of LI <;al. eajtaeity will yield 
about d per day, a much greater 
<iuantity than could ever be nbtai!u*<l 
under the old system, whieli required 
the still to beiveharjretl with cold water 


pre\dits the escape of steam. The j every turn 



'.v _ 

S. 


Wub'r slid. 


1.1 gal. had been taken oil’. 
The ohjo’tiMii to all such 
coutimunis (u* automatic 
jirrangoineiits is, <if course, 
that the eondeusi‘<l water 
contains all the free uin* 
inouia that mav liave c\- 
isied in the water origi¬ 
nally, imt is (tuly in 
cases where the water is 
rxceptionaJIy impure that 
this diaadvaufag** will be¬ 
come leally borious. (T. 
Maben.) 

EvAPORATIXa. 

(iv. 140 171.) 

Acids. —(‘ast iron re- 
tv'i'ts are u<j\v being sue- 
cehslully em]d(>}ed on a 


advantages of this arrangement are 
ol>vious. It is jierfectly simple, and 
^caTi bo adapted at no OApeusi*. It ]ter- 
mits of a eontinuons supply of hoi water 
to the still, so that tlio contents of the 
hitter may alwaj^s l»e kept boiling 
rapidly, and as a eoijsequenee it con¬ 
denses Iho maximum amount i»f \vater 


large scale in Now' York for the final e(ui- 
ceiitratnui of sulphuric acid. It is found 
fliat aciti (tf Th’. diies Hot attack tin; 
stills, and no injury ap]»ear.s to result 
from the deposiiion of ar.seiiie or other 
substaiiees. The concentration is carried 
as far as possible in ])latinum; the acid 
is then run into the cast iron stills and 


with the minim inn ftf loss of heat. Jf 
thfi supply of water at 1) be carefully 
regulated, it will be found that a con¬ 
tinuous current will be jiassing into tlic 
still at a lem]>erature of about ISO® F.. 
nr, if pra< tiee suggest the desirability 
of running in tlie water at iuterva's, 
this be easily arranged- ne¬ 

cessary that the level at A should be 
two inches or thereabout higher than 
the level oP*tbe bend at C, otherwise 
there may not J)e SMtlicient head to force 
a free current of waterjiigainst the pres¬ 
sure of steam. It will also he found 
that the stMl should only contain water 
to the extent of about t of its capacity 
when distillation ia commenced, as the 
water in the condenser b«‘Coines heated 
ttuch more rapidly than the same 
volume is \^pourised. By this expe¬ 


concenlrated to *dH j>t*r cent. H^SOj. 
It i.s .stated by Mr. Adams, \Yho lias 
re<‘entiy juilili.shed a rcjiort on the ]>ro- 
gress made in twenty in the con¬ 

centration of Bulphuric acid, that a set 
of iron stills, used in connection witli 
]>latinum, have been in use in New York 
for some time with very satisfactory 
results, as much as oO,000 lb. per day 
of per cent, acitl being turned out. 

Quadruple Evaporator. — K\- 
ainple of ivork done per 24 hours. 
Much interest has of late been exhibited 
in multiple evaporation; the following 
actual statement of facts will thcitfore 
be of service 
Feed liquor:— 

Volume 37,200 gal. 

Strength.. 3® Tw.=:l*015 Sp. Gr. 
Teinporature C. = 180® F. 
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Concentrated litiuor;— 

Volume g^al. 

Strength,. do" T\v. — 1'22^ Sp. Gr. 
Temperature 71*^ C, r:: IGO'^ K, 
Distilled \Yaf«*r: — 

Volume ^al. 

Temperature Si)” C, — 11)2” F. 

Hot water IVoiu \.\oiuun - 

Vol. of water iiseil:^ 174,nuo ij;al. 
Temp, of in jei'tioii = 1C. _ F 
Do, of ejection — d^J^C.—110”F. 
The weight of water evaporated is 
rej>reseated hv the dilleronct* in the 
Aveight of coiireiitrate*! ln|uid and tin* 
feeil liquor, thus;— 

Weight of feeil Hqiiorr.- 

':?7,200 X lo-i.Mb. =n77,r.so]h. 
W(*ight of feed h{juor = 

X I2‘2r> Ih. - 41,ldi> Ih. 


Lli. of water evaporated 3d*>,420 Ih. 

Tlie amount of steam required in the 
aj>paratus to evajiovate tins Aveight <if 
Avalcr from the temperature of ilje feed 
liquor, 82” C. F.), was found to lie 

5045 Ih. per lioiir, hv actual iiu'nsure- 
rnent, Avliioh included steam for pumps. 
The exhaust steam from the jminjis 
connected with eva]»orators may, aiifl 
indeed is, ^mw exhausted into the first 
evaporating cylinder to do useful 
evapor;rt.i\ e work. The evaporative 
efficiency, ex]ncs''ed in )h. of water 
evaporated from 100”C. (212” F.)» i*ud 
also from the toiiqierature of the feed 
liquor, may be fairly ascertained as 
follows:— ^ 

a. Evaporafi\e oHiciency from 100” C. 
(212” F.). Per hour. 

Total fstcani used in¬ 
cluding pumjts 

Less stoarn required to 

heat feed li(|uor from >= 500'5 lb. 
82”C. to 100” C. ,.) 


} 


= 5045 lb. 


Total .stnani used to evapor¬ 
ate water from 100” C. -4538 *5 lb, 

Wtiter evaporated per Jiour = 

1^ 013 11,.. and 

= 3*08 lb, of water evap- 
4538*5 ^ 


orated jior lb. of steam condensed in 
first cylinder. 

6. Kvuporative cfTltdency from tcin- 
]teralun‘ of feed liquor- 


14,01 .‘i _ 
5 ,<* 4 .'> 


772 lb, of water per 


Ih. ofearn. 

These iv.sults have heen expressed in 
11). nf \vat<'r evaporated j>er 11). of steam 
' UM*d, bccau'-e bt'forc we can arrive at the 
amount of water c''apovated j)cr //», of 
' r')>tL it IS necessary to know tiie weight 
<d' .steam gcneialcd hv 1 lb. of c*)al in 
! the steam hoih-r.s Avliich sup|>ly the 
I evajHiratoi*. 

It w mild :i]i]»car, then, from the above 
results, that the eiliciency of any 
I multiple e\a]MU*ator depends on the 
t<'inper.iture of tlie feed li<[uor, and that 
hy a r(uadruple rdl'ect apjiaratu.s, sliglitly 
over lb. of water may easily l)e 
evapoiated tbr every lb. of steam used, 
jn'ovided the feed liquor he at or very 
near 100” C,— the boiling ju»intof water, 

, When tlie temjieratiire tails below this, 

I the eiliciency of tlie ojqmratus ra]>idly 
: diminishes also. A.s afiove .stated, in 
order to exj>i*ess this eilirieney in tcrlns 
of the crtal it is necessary to know how 
much water 1 Ih, of this coal evaporates 
in the .steam boilers, and from this 
Mgurc the eiliciency is easily obtained, 
Tlius, for example, if 1 Ib. of coal 
eiaporates 8J lb, water in steam boilers, 
Ave liuve 

(1) 3-08x8*25 = 25-411b. of Avater 
CA'ajinrated from 100” C. by the multiple 
evaporator per lb. of coal 
'• (2) 2-772 X 8*25 22-87 lb. of 

AMitcr evaporated from temperature of 
feed^‘^” (?.) per lb. of coal. 

It will be a<liT)itted by all practical men 
that heat may be measured and reckoned 
Avith accuracy if adeqnalte means are 
adopted for this pnrppse. , The distribu¬ 
tion of'the heal, therefore, ’’uring say 1 
hour's work of a multiple eva]>orator 
may be arrived at witlr tolerable 
certainty. From our ow-n experience 
the constancy of such results is fiu- 
duubttid, for when once a muSiple 
evaporator is set to Avork under ittf 
proper Avorking coudHiou respect 
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to the pressures and vultimes and 
temperature of Ihiuid passed thronich it, 
the distrihutiou of the hent which enters 
the appnrntus amongst the A’arious 
]i(jnids tlowin^ from it, and steam 
condensed in tiie condenser, are all 
](raetically constant. To quote one 
case may serve to show the niiTiire of 
this heat distribution for the individual 
apparatus under consideration, and iii 
a measure for all similar )iieces of 
ajipariitus. The distribution or analysis 
of the, heat in the liquids leavnii; n 
multiple evaporator has an interest 
beyond the mere theory of the suhj»*ct, 
for by this juactieal men may arrive at 
n fair understanding as to how, and to 
uhat cjclent they may make uinltiple 
evaporators a valuable adjunct to their 
necessities in et'unection with its services 
as a concentrator of liquids. They 
yield two ^btindant siij>plies of hot 
water-*-one distilled, the other natural 
\vat<*r ns^M( for ]>rodticing the vacuum. 
These supplies are inseparable from j 
.systems of multiple evaporation. In j 
many cases they are extremely v.iluable j 
to the manulacturor, more esjiecially j 
tit' distilled water, llotli supjdies may 
*for instance be used for feeding steam 
boilor.s, in whicli case the heat they 
contain is utilised, and may he considered 
to have a commercial vali e. 

The distilled water, if used for this 
purpose alone, has 4he further recom¬ 
mendation of producing no scale, its 
Volume also is comiiaratively large, 
amounting, in fact, to about fto per 
cent, of the volume of the weak liquor 
concentrated, or to that quantity 4f 
water required for a set of boilers 
buruijiig tons of coal per 2^Ji<>urs. 

On the other hand, the volume of the 
water used for the condenser is coin- 
paiativcly sneaking, very large, and its 
iotal consumytio^ for steam raising 
purposes, e^.ept5ng in the very largest 
factories, is quite ouf of the question. 
Turning our attention to the distribu¬ 
tion of the heat which enters the 
evaporator among the liquids which 
lea\4 it, wo may employ the following 
<nethud, which will answer all practical 
purposes: 


O ut. lb. units 
ptr hour. 

Heat entering the apiiaratiis:— 

Weak liquor (feed) 

877,580 X 0-9 X H2 

24 

Steam (OO lb. press.) 

:i,or>4xor)0 - 8,3;u),r.8r> 


1,101,021 


Tot:il r= 4,491,007 
Heat leaving appnratus;— 

(’oiieentvated liquor 
41, IbO X 0 ■ (> X * 1 _ i^‘j OoO 

24 ” ’ ' ' ‘ 

Hi.stilh'd water 

81,290 X 9 • 7 X M9 _ j 125,527 
24 ’ 

Condenser water 
1/-1,000 X lo X 52_2 0(»() 

24 - » » 

-.518,580 


Heat lost by radiation, &.c.= 97.‘i,l21 

Kxqiressing these results in jilainer 
fasJiion wo Jind of the total amount of 
heat entering the apparatus then* came 
out m the 

Concentrated liquor = 1'^’% 

IhstiHed water = 25‘ti\l^ 

t'ondenser do. = 51'0*^ 

J,ost bv radiation and errors 


of observation 


— 01 . 70 / 

— ..A 

09'9 


These percentages show clearly that 
about 75% of the heat^ntcriug the 
apparatus is obtained ajfain in an avail* 
able form as hot water; that ^ of the 
heat entered the apparatus in the feed 
liquor, and = as steam. Such calcula¬ 
tions inevitably direct the practical man 
to some of the most telling jioints in 
svstems of multiple evaporation, and 
guide the manufaeturev in arriving at a 
correct omielusion as to their real com¬ 
mercial value to him. They also serve 
to guide the engineer in adii^diug 
multiple evaporation to certain manu* 
factures, so as to obtain the maximum 
economical effect. 

The foregoing percentages must not, 
however, be confounded with the per- 
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n*ni;i:;o niiioinit of Iipat Ciiiifaincil in 
tlif ilistiilcd au(i c(>nilrn> 0 )l waters c\- 
]trf\ssetl in terms of the steam actually , 
used ill the ova]>orat(ir. The ix iventauie ' 
recftvery on this liasis is greater than i 
tin; forei^oing. For example, the amount i 
of iicat contained in the distilled water j 
fi*(mi the ahove apparalns iv]>re.senl<'d ' 
l\ >’7^;* oftlie steam, and that containerl 
in tlie hot water lr<»m the I'oudenser 
rej»rc.sente.[ the steam used. 

It is a) >o ov’ideiit tliat in eitlier ea-e 
th(}se jiereentages may he taken a ' 
direct ineasiin* of tin* find saved hv 
employing either ol fln‘M* sourees of 
ln»t water for steam raising jmrposes. 

Tile amount of work done, or in other 
words, the <tuantity ol waterevajiorati'd 
])er hour hv multiple evapor.itor^ will 
vary aecording t<» their eonslruction, 
and othej ermditions as to the pressure'^ 
ureler whieli tiny work. 'I’iie iiealmg 
Mirfai-e of the tuhes, tlirougli whieli 
the liquor J)a^‘'e^, iia-i doubtless the 
most imtiortant h«‘aiiiig on tliis part of 
the subject. All apparatus coiitaiimig 
UUOO sq, ft, oj' heating surface in the 
form of tliin tubes will, under those 
working conditions lai«i ilown as being 
♦•ssential to sn<’<‘e.sslu) result, e\a]»orate 
0-7 lb. of water jier h<i. ft. 

(rAon, Trade JL) 

Illuminating Agents. 

The quostinn as to the actual cost to 
tile eon.suiner,everyfclungheing inclu<1ed, 
of the liglit^i^j^iduccd by the variou'-' 
illuminating agents now in use has not 
yet received a clear and delinitc answer. 
Careful atfeiition should therefore be 
jianl to any evidence which is based 
upon a serious study of the question, so 
that at least some idea of the truth may 
be gained. It ]-> for tliis reason tliat we 
reproduce below extracts and tables, 
taken from a jiaper presented i>y <k 
liolland, onginevr at Alons, to the 
SocitiAy of Eiiginecr.s of tlie Liege 
Jnstitutc, and ]>ublishefl in the JlcvuG 
(^jihersrllt' dos AlhiOi. 

According to this author, “ it follows 
from the examination of those tables 
that lighting by gas, and even by petro¬ 


leum, is by no means on the jioint of 
being icplaced by the electric light.” 
These tables establish the f.ict that 
under the most favourable conditions 
for the jiroductioii of tlio electric light, 
that is to say, where s]»aro motive 
power*-‘an he applied to its jtvodiudion, 
this sv.stein of lighting st.ill cost-? •OlnLVA 
per candle power j>er hour (Table VII.), 
w liile gas, costing 1 per cub. metre, 

Inwnt in the recupcr.ative lamps ot 
Siemens, or .still better, of Weiiham, 
gives a light whicli only costs M)l)0i>04f/, 
and even only 'OoGtkiLA per candle 
power jier hour, (Table II.) 

v\:vvj 

The luminous intensity given by a 
])etroleum lamp varies considerably with 
the quality of the oil emjiloyed, aii'l also 
w ith the quality, the ^tate of cleanliness, 
and the cut of the wick/ A badiy- 
tiirnmed w'iek, or one not cut level, 

‘ gives, f<u' example, a ilame which on 
one side U too long, and slightly yellow 
I or hniwn, because the supply of air at 
that ]iomt u insudicient, and on tlie 
other side is jicrhajis too .small, the air 
' su])ply icing tliere in excess. N(>w,*it 
I IS well known that under both of these 
I conditions tliu illnminafing jtower 
snffers. 

Ti'o management and regulation ot 
wicks is delicjite work, and <'erlainly 

ought to be iiudiuTed in an estimate of 

«1 

the ex|>cnse of the lamp. 

Another source of expense in using 
this class of ilhiminant is that arising 
from the use of the lamp — rp]»airs, 
<^msumi>tioii of wicks and chimneys, 
losses of oil, and waste used for cleaning. 
(Talik 1.) ' ^ 

It may be esLimatod that these 
sources of expense amount per lamp 
and hour to— •' 

Exjionse of lam]T^ . .* •OO.'iOri 
Wicks, chiiniiey, &c. ^04i27c/. 

•'I377d. 

Finally, to include the additmiial 
trouble connected with the use tiJFthis 
illuniinant, such ns purchasing the oilf 
storing oil, risk of fire, we think 
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that thi‘ <h'*oretu‘al ouu;lil tn , 

iin*rt‘aM*d by jair cent. It will b« 
observccl Muit t)»c luinhuuis iiitcnsilN 
diu)iiush(*.s ciyisideraldy wdiou tbe photo- 
inetno li.rasureuu’Tit niado at an 
angU* of 4.'''. 

Ac*ci)i<liiiyj lo th** I'xpoiinH‘Ut> td’[ 
Iloini, ibo loss «d’ilhiminut iioj: pown* is 
proporlumal to llu* diaimdiT of t'no 
burner. It u ‘Ji> per cent, for burners 
w il^i ail ordiiiarv lonir llamc ; ajiout 
per cent. Ibr the 30 mm. burners 
used in lamjiA wliicb i;i\e an mtcice , 
round liamc, and ainmnits to per 
cent, w’itli <l0 iiiin. buinei.s. It will b* 
possible to compare the luminous in¬ 
tensities <d the vnrionit M’stems ot lamps 
and burners at this aiude ofdo'^. Tin* one 
class givini^ the maximum intensity at 
0° (homontal rays), the other at \)\P 
(vertical rays). 

More<»ver, lamps aro usn.'illy employed^ 
under such conditions that tlieir rays 
are at Uiis angle, 

3M.UMlNATIKa GAS. 

Column 7 •of Table II. gives the 1 
expenses of putting down apparatus and ! 
mains for caudle ]tow*er yer hour, calcu- 1 
lilted on the following grounds :— 

In Bolgiutif the cost of cstsblishing «i 
l>ublic burner may be estimated at l‘2s. 
(for • private ilUimin:ition, stations, 
rooins^l&c., where move elegant ajipli- 
aiires are used, the cost nmy rihC to 
^Os. or 27«. 9A per burner), aud main- j 

pfc 


icnnioe and intercut may hr taken at 
!o p^r <'eut. (d‘ this anuuiut, >iiy 
5/. ISa. pi'i aniium. 'I his (ost must 
be sprejid oM*r the cotirc coii'Umptjon, 
drprudiiii:: on tlie number of liouis 
tluiing wliicli It is 111 iT-e. 

As'-umiiig n minimum ofT^Hi bourspor 
iiununuand a coiisimnd mu of * 20(1 
jur hour, it will b«- found that at IV/. 
pei’iul*. met re, iutere.vf an«l luaintei.ame 
mils! lie \alio‘d at abuut d per cent, cd* 
tlie \ ahie of' the eas. 

The (■ori(..spoiiding ex])enses for a 

ret:eneiati>e K^ii nu‘n'> or Wenliaui lamp, 
w liich i'osls at lui't d7.s. Ut/. ior a mu- 
siimjdion of 2r><> hires jier hour, lu.iy be 
inbuiatcd in the follow ing inarnier, a 
^a\ iiig of 30 of gas being supposed:— 

^ ' s* d* 

2 ordinaiy luirneis .. xalue 2 3 

2 ."ecoiitlai y tuli(*.s.. „ 3 2 

IMping Jind iiuiin ti.bo 

(23s. Ik/, less bo*. 7iO » - 


IL 

One complete a-egeneratin; 
burner, giving the same light 
as the two burner^ above ,. 47 b 

piping and principal tube 18^ 2 

Secondary tube .... 1 " 

( t •’V I > 

» i «> 

The expense of nnintcnanco and 
interest is found to be 17 
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WV Lave, thevelore, caleiilatt'tl at tlii^ 
rate the c.xjicnseK 1aLulal<‘ii in cnlinuii 7, 
Table II.,fur tliG illuuiiuahnu iriveii Lv 
Sipm(*n*4 or Wenhain laiiiji*-. 

Fur i'innioni! ainl Aver Lunii-rs we 
have adopted 10 y' oi' tlie gas (•uM''ni\u‘d 
as rojire^ciitiiig tlie (‘un'e^j^ondiHg e\- 
]HMJses, 'J'he j’ate of (! icmains Lji* 
ortiinary Liiriiers, the eust of which 
due> not exceed 4s* 


I It must bo borne in mind thai llie 
numbers sliould vary inversely with tlic 

V w 

ntunber of Lours during whieh tlic 
buiuer‘> are employed, since flic suiiree.'^ 
of expense roinau) almost constant wdiat- 
exer lx; iLe consumption of gas. 

liehtre ]iassing to the examinatbui of 
some ritlicr inodes of illumination, u word 
may Le said on tin* subjia t’nTrccupera- 
titm and intense Lurner^, 


TAIJU: III.-^Watku Oa^ 


rUotouietiic tests of SoiiieV Luruoi*. 


I 


(onsuinptHni per 
lloui. 

Tie** .ere at Ui“ 
iWirncr. 

raudi'* Power 

Caudle ]'u\\i*v 
li< r t'uh. l-'t. 

mil. ft. 

btiev 

iti. 

iiiin. 


) 



O . 

:>7 • 1 :> 

ij*h;. 

1-:;;; 

* 


2 ;i7 

t;b* 10 

lO'SS 

l-.’.l 


M 1 

li-ho 



' 1 • ."i.'i 

fJ‘7G 

iHS-n 

i‘7:> 

•u-1:» 

1 8‘-IS 


bTO 

IKS'II 

1 ‘GO 

t.'o--IO 

1 8-41 

1“J:> 

r- * r»8 


3-2:» 


j O'fl 

1 -78 

h-Jtl 

ld:J-s 

4‘:)0 

:j8*io 

G-s:» 

; l‘;i4 

3*tlG 

ill G 

ti'OO 

bo‘80 

1 r>-47 

; 1*38 

r>3'lil IMti-ti 



*11 


Consumption ])er candle powtT per 

Lour 


litres. 

i rice of g; 

L*- at Frankfm't ihm* luh. 

metre 


•712(/. 

(aist per c, 

ludle (^>\yer 

per hour .. 

• f 


•OU‘J.7. 

Working expenses. In iht rent. 

« • 


■0ul42/f. 

iotal Cost 

per candle 

|M»w er per hour .. 


‘015G7t/. 


• 

TAliLF IV. —]M^gki:siim Lamps. 


DlmulnaUng I jvxcr. ‘Without Uiflecio 


N^o. (if 
Uibltotis, 

1 

I 

Wth 

Ueflfcjpr, f 

0 

Without 
f lietlector. 

• 

(?andle 
l*o\Vi*r per 
ilihlKMU 

1 

Ckmsuniption 
per Hour I 
p *r Itihhou. 
gim. 

: <!»nhinu)itioii 

1 ))er Hour 

1 per Catidle. 
i grm. 

I'olal (Jost 
IKT ClUldlo. 
Ahigni'8iuiii 
at 14.^ Ul^. 
per lb. 

1 

150 

3,200 

150 

10*7 

0-1114 

• 

2 

237 


118-7 

i(;*7 

0*1410 


4 

450 j 


112*5 

1(1*7 

0*1480 

•0418(i 


700 

11,300 

117 

16’7 

0'U15 


« 8 

950 

• 

17,000 

117 

1 

lG-7 

* 0*1430 
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TABLE V.— Electuic Light —Auc Lamps. 


T.aTnp 
Df Ph ]H r. 


Kii/iich 

(sclnH'lvfrt) 

!• ^hllcrential Jjjnnp. 


a]irl 

lliilsko 

IMHcn'iiiidl l*ainp. 


l)iaTneter of Carl)oii.s .. 

0-7 

mm. r»-() 

1 -0 

• • 

14 


Length of Arc 


o 

4 

.. 4 


4-r. 

Angle with hfU’i/oU 

(P 



.. 4:r 

ip 

.. 45° 

Candle powi'i .1 


^ 

.. ti/ / 

22 i) 

.. 1,420 

h7r> 

.. ;;, 8 :;o 

Electric work in volts ani]M*vi>s' 

IGo 

.. l.vi 

414 

4K» 

918 

.. 912 

Volts ainj>ei'e^ jun* ciuidlel 

1-27 


I’SS 

.. 0*291 

1-00 

0 ' 2 ..i 8 

ytower . ). 

Caudle j)ower jk*!' horse pt.wer 

4.;;j 

.. loCO 

29:; 

.. 1,K‘H) 

i:ui 

.. 25:110 


TABLE VI. —Lsoa\i»lsoi:nt Lamps. 


(After ll<‘irn.) 


Types. 


Etiisoii lump, old inifdol 
„ new „ 
Swan lamp, old ,, 

„ new „ 
Sii'iiieiis and Ilalskc 



I’ovN er. 

t 

I'Tc'ittie 
AVoik in 
Volts i 
Auipuus. 

A'olts 
Alnpeios 1 
i per 

GamUe, | 

i OundP* 
pti II.P. 

1 

Lnm|N 
jH*r il.P. 

4 4 

\ Ifl 

72 1 

j 4*. 70 ! 

! 122 

7-r> 

• • 

; 

■ 10 

Oi) 

:;’75 

147 

0* ‘2 

f • 

oi; 

4*i;5 

i:5:i 

s*:; 

9 • 

10 

.70 

• 50 

157 

9-8 


i 10 

52 

:3 • 25 i 

109 

10*(5 

• • 

10 

50 

;p5o I 

157 

9'8 


TABLE VIL—INCANDESCENT LAMPS. 

Price per 

Kind of Iiifltulitttiou. Candle Power 

per Hour. 

Private installation for iiOO lamps at L'jist, with special motive 

power .. '0291(7. 

When a part of the lahour is on hand ana an (^xeess of power 

can be utilised for the ])rodu(*iion of the light . •OIHSi/. 

Special inbtalhition for private lighting. ■0440(L 


(CVmjwi. Trade JL) 


The luminous intensity of a flame 
Increases very rapidly with its temjxjra- 
ture, and may be approxiinatcdy 
represented by an expression of the 
form I — ii\ when I is the intensity of 
the Hanic, and * its temperature. The 
great increase of intensity obtained by 
superheating the air may thus be con¬ 


ceived, when it becomes; sufficient to 
sensibly increase the temperature of the 
flame and so ]>roduee a more efficacious 
combustion. In the Siemens and Wenham 
lamyw the air may be heated to 400'^- 
600°C.,but the np})arntu8 soon w< irs out 
if tlie latter temperature be habitually 
emjdoyeJ. 








FlI.TERINfl. 



Tn rnulor tli(* rcciiiierat.ioii rational 
mal ftliiacions ife is essential that tlie 
apjiar.itiis l>e so arranj^iMl that the 
au' is heated liy the pro'Uu’ts ot'eoin- 
hiistiou, ami nut sunphf h}i ihe jhfiuc of 
the huniei\ for this can onl\ ^ive np]»ait 
nfits heat at the expense of its yinini- 
uatino; janver. 

[t has nut been found ailran{,u/<(ms <•* 
siiwujh/ heat ihv (jas itself j on the 
eonliaiT, deposits are thus funned which 
rapidly block up the oritices by ufiieh 
it eseapos from the burner. 

For a fjiren ronsuviptnni of fjas /Acre is 
a JcfinUe snpphj of air U'hieh correspomh 
to a nuU'imuni of /ummoiw inlnisttfj. 'I’he 
determination of this quantity is oi 
BpeeUl importance ^vhen ordinary 
Imrners with cold air are enijiloyed; 
but even when hot au' is Mij^plied it is 
fUH ini}»ortant to ascertain exactly the 
(Iraiij^lit wjiich corresponds to a 
ma\nniiin of illuminating ]H>\vor, 

Everyone can convince himself of the 
cll’eet of the draui^lit or vt»lunie of au* 
hiouylit into contact with luminous 
llame on its illuminating power hy 
simple piaeini^ a glass chimney on the 
tdjfof the glass of an Argaud huruer, so 
ihal the height ofthc chimney isdoiihled. 
It will he observed Unit the flame im¬ 
mediately becomes lower and ilirows a 
less jxiw'crful light ou surrounding 
ohjpcts, although it may itself become 
wdiiter, Inverselj-^, lilie intensity of a 
flame, wliieh h burning with an excess 
of air, may ho increased hy diminishing 
the supply of the latter. This increase 
continues until the flaiiui becomeshrowii 
tott'ards the top, afte.r which further dim-* 
iimtion of the air siqijdy causes n rapid 
dirninuAion in the hrightn«ss of the flame, 
the ctuubuslioii then becominc incom¬ 
plete. 

'Ihis experknent justifies the eonelu- 
sion that tor hyriuii's witli rold air the 
maximum o(i light corjesjiomls to the 
minimum of air which permits of 
complete crtuljusliou, and that the 
yellow flame is more etiouomieal than a 
W'liife flame obtained by means of au 
ex(W8i|of cold air. 

^When the air arrives at the burner 
heated to bOffP C., fhe influence of the 


draught will, of cour-.e, not he so greal, 
hut it mu-'t he rememlien-'l that the 
temperuture of the tiaine expressed in 
deereos is twice as great as this. 

The economy eileeted hy these intense 
flames, tliat is to say, llamcs ]>ro.1m‘ed 
hy a large amount of gas, may Ihj 
explained hy fhe buds that, in the fir^t 
]tiaee, the amount of air immediately 
Mirrouuding the llame is smaller lor an 
equal volume <»f flame than in the 
ordinary hurner, and tliat the loss of heat 
isfhusalsn rendered smaller; and that lu 
thesoe<nid ])lae*e the surfaces and volumes 
of neighbouring parts of the apjuir.itus 
so situated as to he capalde of absorhuig 
lieat from the flume are ul.^o siuallerm 
proportion to the gas cimsumed ; iiually, 
a wide flume I'onsists of an inferior cmie 
<d' gah, .siirrouudeil hy ti thicker incan¬ 
descent layer (which must be traversed 
b\ the air) than is the case in u narrow 
flame Imruing the same volume of gas. 

On account (»f these various circum¬ 
stances the tiunjarature of a large 
llame is njqn-eeiably higher than fliat of 
a small one, and lumc^ arises its greater 
illuminating ]Kiw’er. Tliis luminous 
iuteu'-ity tliereforc, results from a more 
elfeetivc conihustion, vvlmdi produces an 
increase in the light radiated from the 
tiame, 

riLTEllING. (i\'. 172-1 

Water. —(o) A new' filter, invented 
by Dr. William i\au]son, of Lough¬ 
borough, is shown in K*;'! lid. It has 
been designed with a view to use an 
entirely inorganic, ami at the same time 
a durable and powerful germieide as 
filtering medium, which, while not a 
mere strainer, can he easily and cheaply 
renewed. The basis of the filtering 
medium is coke, the power of wdiich is 
increased hy a silicate dissolving with u 
clean surface siiflieitmtly to destroy 
jTcTins, hut Dot to make tJio W'liter uu- 
jcilatable. The method ui rei«\val 
adopted is to jdaee the filtenug-jar iu a 
hot oven ranging from 400^ to dO(i^ F., 
a temperature at whieli all ahsmbed 
iinpuritiep arc charred. The fiat vapid 
tastp of filtcfcvl water is obviated by 
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FILTKlllNd. 


restorincr to it a mpmH ))ro]K>rtion of oav- inj^ disks are sMj)erpose(i, so tkat several 
bnnic aeid j^^as. Tliis is done by usinj^ of them ojjerate at one and the sarne 
as a lid a flat bottle with a straw hole time, and thus ^ive a much larpjer 
in the side to allow the escape of j^as. quantify of filtered water within the 
A small quantity of acid and soda and a 


24. 



Paulson’s Alter. 


^lass of water arc then placed in the 
bottle, and the result i:; a sparkling and 
palatable filtered water. 

(fi) The Johnson filter (Figs. 25, 2(1) is 
both Inechallu^'ll and chemical, and is 
appliciibic to both domestic and indus¬ 
trial uses. Fig. 25 show's the domestic 
style, and Fig. ..6 gives the mtenial ar- 
Tangemeiit of it. The water enters 
thn)ugh the pipe shown at the ujipor 
part of the engraving, traverses a disk 
of prej>ared (iarhouincd j)aper, li, and 
reaches a metallic jdate, I), from whence 
it flows off at E. This plate J>, is put 
in place by means of a screw, F. The 
disk of filtering paper may be changed 
with the utmost ease, and the operation 
may be performed })y the most inexperi- 
enceu domestic. As the entire apparatus 
is of iron, there is no danger of break¬ 
age. The domestic style shown is the 
smallest sized one. It is constructed 
in two other styles in which the filter- 


25. 



•Tolvisoifs Alters 


same period, Ily thus superposing the 
filtering parts, the inventor has Veen 
enabled to consti'uct a large industrial 
model that is much used in brcU'cri^ 
and that is capable of fui^nishing more 








FiLTEnixa. 


S5 

l!50,00() t^al- of fiUertMl water ijer exact iin]»rosHi(ins of tlu* t^rooA'es in tlie 
(lav. III the Miiall apjiar.itus the lilLer- nppci' ]»:u't of tiie pfH’oiis \esM,*I ami the 
in*'nniterial !.■? a sjieci.il ]>a])er uom]»o^^ll a<Ij:u'ent faces of tiie socket ami caj) of 
solely of puritimi cotton tihresaml boiiC' the ap]>ai'atus. This Ibrnis a very 
black freed from all phosphates. Iiitlie ti;iht j<*iut without oxei'liiig a stiess 



Johnson’s filter. 


lar^e niters, resemble' Iiarm 

]m;s.ses ainJ are managed in the same 
way, jtaper i-. nsed in cinijuiu tion iiilh 
spociailv prepared cloth. {Lu Aniun’.) 

(c) The Mai lie filter (VUr^, 27 , 28 ) 
utilises llie jn’e^sun; of the city wat|^r 
to force the latter to ooze tbromrh 
porcelain, winch retains in its ebise and 
imperceptible poi-es all organic germs. 
llif» apparatus coiisi.^ts of a porcelain 
filter, pro]>erIy bo called, wliich the 
water enters under jire'^swre through 
a tuhe afiixedMo ^ cock. This filter is 
inclosed in% thiik earthen ve^s(d, which 
is aflixed Jo a metallic supjKirt by a 
bayonet catch, and which serves to 
]ir^t.cct the porcelain and collect the 
purHletl wafer. The npjmr.atus is niiute 
througli rubber washers of circular 
ov elliptic?jj scetjou, which tftke the 


that iniglit break the neck of the jjorous 
losscl. ’i'he lower p.irt of the entrance 
lube is narrowed, and serves as a scat 
ftu- a conical valve can led by a rtKl that 
rests upon file bottiuntib the fillering 
lessel. In case of a breakage of the 
latter, the v.ih e closes. Owing to the 
automatic operation of this safety 
apparatus, no accidental flooding and no 
discliarge of untiltered watcu' is to be 
feared. The cup con^tit^ltes a true 
ivbcrvoir that contain'* a certain quantity 
of coni}irei*sed air, \i hich, t h.inks to its 
elasticity, tends to prevent breakages 
tint might oc'cur tlirougli the lam 
strokes of the water under pi#ssiire. 
l>e''ides, tile air diSMilves in the iiquid, 
and fio the latter, on making its exit 
1 from the filter, is charged with minute 
' globules of it; hence the name acri- 



CG 




” tliut tliP invciilor hn^ fix' 

irntus. 8im(* tlu' actii'ii of liltra- 
titui is e-\ert(.*d from m ithiti outwardly, 
salth of \arious kinds may be put into 
the interior (''O as to ol)laia artifieial 
miuer.il watersj, or t*]>enal materials for 


27. 



oxeefMlinelv sbur, but the fiUralo oflen 
]>aNses turbid e\en thnuii^li paper of the 
closeKt texture. To filter sueh a fiiiid, 
Fresenius a(l\ises to dilute with w'ator, 
ad<l some recently ii^nited asbestos, and 
shake the mixture vigorously. After 


28. 



decolorising litpiids, or, finally, ite 
(even impure) fiu’ cooling tlie water in i 
siuniner, A sini}de apparatus is capable 
of filtering 5)^10 gal. ]M'r day, imeording 
to the pressure of tlie water, lly modi¬ 
fications in its projiortious and con¬ 
struction a larger quantity of water 
might be filtered, 

liaboratory Methods. — 00 
VisciV liquids, sncli as are obtained in 
processes of artificial digestion, may be 
filtered, according to Fro‘<eniiis, by tlic 
aid of finely jacked asbestos fibre. Not 
only is the filtration of suph fluid? 


about li2 hours the snsjicndod niatterR 
will liave subsided, leaving the su]»er- 
natnnt liquid perfectly clear, 'ihis is 
to be sijdioned off, .and the residue to be 
washed once or twi<‘e by decantation, 
and then passed tliroiigh a glass funnel 
the neck (»f which chntff?ns a pellet of 
asbestos. Jf the first part c.f the filtrate 
runs of! cloudy, it is retu''ucd to the 
funnel until it ])asscs clear. 

(h) A fiinmd for filtration in nbsepce 
of air, is shown in Fig. 29, The fijinuel 
has a cylindrical rim 1-2 cm. ^igh^ 
cuvergd wit]i u lid provi4pd An tho centre 



FiLTEIUNG. 


witli a nock. Into tliis fits a cork ami 
bent glass tube. The funnol is fittotl 
into a liltor llask, which lias a side tnlie, 
15y cminecting tho tube of the funnol 
with that of the tiask by a ]»ioco of i uh- 
bor tubing, the exterior aiv is excluded. 



In ca^c a particular gas is required, ibe 
futjiKd is then ]>rovidt:d with a double- 
•bored cork. Througli one opening the 
gas is introduced, and it }>asses out 
by the other, a connection being made 
with the filter fla^k as before. 

(c) An apparatus for filtering ^and 
drying very o,\idisaUe precipitates is 
shown in Fig. 110, and is constructed of 
glass with the excojition of the cover C, 
which is of brass. The tube G, which 
is connected with the brass tube M by 
the cork F, is bent over and unites witl* 
a small flask cnniaiuitig the precipitate, 
Ihis si^all Hask has a cork with three 
holes, one for the tube O, a second for 
a glass funnel, and the tliird for a tube 
connecting wi|]i a gas generating aj>])a- 
ratiis. When all connections are found 
to be air-tight^he^iibe is oonnected 
with a watel*f)uinp, and the cock K is 
opened ; the*preci))itate is drawn over 
oy lowering the tube O into the pre- 
oipitju^te in the flask ns soon as the 
A]q>ar«^us is filled with the indifibrent 
giw. %’he precipitate collects on the 
ttiftnp} A, distilled water can be 


drawn over to wash the ]o*ccipitalo 
there, by piuiring down the funnel in 
the small liask. Fiy ojiening the taji 0 
instead of K, the fillralion can i*rouced 


30 . 



PicciplUlo filter. 

more slowly, and this t!ip is also useful 
with very imubly precipitates. To dry 
the precipitate, the cork K is rejvlared 
by anotiicr without an oj^oning, tiiu 
glass tube G is fmseil oil, and the upj»er 
part r> of the ap]>aratus is removed fnun 
the lower part A, and transferred aftor- 
wanis to a iirviug oven. 

(fO A filter sujqtorf, which is an 
improvement on tlie arrangement for 
rajtid llltratinn desiTihed by Fessyidon 
in ( f) below, is shown in It is 

made from jdalinmn wire, copjicr wdre, 
or any other suitable nniterinl* and 
bent in the shajie sliow'U in Fig. 33. A 
jia|)er, foldet} as described by Fosseudep, 
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FJLTriJTXJ?. 


is in Iti'twoi'n the wires, mvl hy 

Fig. ^11, w'hicli serves the siiine |nir]>ose 
as the glass rod, that is, to su]>port the 
inner lohls ol* the filter; whonsas the 
ring, o /, supports the outer hihls, giving 
the whole an ajipearanep ot* u jmper 
formed w'ith two com]>artinents. This 
may now be jdaced in a glass funnel, or 

li}. 


cu h 




being entirely in(]e])enlent of the 
customary retc>rt-stnnd. It uses very 
small circular iilters oj in, diameter, 
and yet filters many times faster than 
the largest lieretufoic used, doing its 
work thoroughly, and absolutely with¬ 
out attention, no matter how large the 
ainouuL to be filtered. It ia got ready 



rllt T ^upporib. 


used alone simply by Ruspemling it over 
the beaker as in Fig. ;t‘J, the liquid 
following the wire ami dripping from 
the point, (j, -As a means of drying 
preei[dtates on the i filter, it is far 
supeiior to the old w'ay of plaeing the . 
glass funiiel witii its filter in the drying 
oven, as the air has aecess to the paper 
from all sides, whereby it dries mueh 
nnn*e rapidly and thoroughly. For a 
Tj-in. fiUer, a support of ]»bitiTuiiu 

wire, with the ling, iij, in,diameter, 
and the wires, a ami b li in. long, gave 
excellent service, A glass rod hent as 
indii>.ited hy kig. 33 works very well. 
(^C/irmhd Nnrft,) 

(c) An aut<miatic rapid filter is shown 
in Fig. :H, which indicates the manner 
of its operation from n cotnnton table, 


qiiii.ker tlian the' funnel, never hreaks 
the filter-]>apers, and has no metal 
cootaf'ts. One of its strongest points 
i"’ in filtering very small quantities as 
.well as largo. Tlie former are run 
through in a moment's time without 
toilious drop]dng, as hy the funnel. 

(/) TJie Use of filter pumps, aV evei'y 
chemist is aware, does not, in a very 
great numher of cases, facilitate filtra¬ 
tion : first, because a dense layer of the 
]n*ecipitate forms nett the pajier, which 
1 continually requires removed, 

and second, if any considcrjihle pressure 
is used, ]iarticlfts of the precipitate will 
j pass through. To inc'rease the siipface 
I seems to he the hotter jdan. Plaited 
I filters ])arti!illy effect tins, hit the 
i precipitate cannot t)C ctj^ily detached 
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from and they an* troublosonii 

to prepare. iCibbed funuols, \s]iile alsi 
an improvement, have only one side of 
the filter for use, the other side beini; 
covered with three thicknesses of filter 
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pnpei\ The following method (Fig. 
Ilh) enables filtnitions to be made 
very rapidly, and in such a manner 
flint the precipitate can be readily 
removed:—filter j>npcr is folded 
three tim<4^ folds Nos. 1 and 2 are 
toward IIkj reader. No. 3 from him. 
The filter is then gathered (Fig, B), 
a piece of glass rod, bent at a very 
acute angle, is inserted in the clefb of 
thefclter (Figs. C and D), thus giving 
ft-filti‘atiou^urface of nearly four times 


the ii.smil one. Tlic filtrathm boincr 
complete, the gl.iss i(k 1 is gr.'ispod hy 
the projecting ends ami lifted Irttin the 
funnel, boaiing tlie filter upon it. One 
end of the filter j»aper is then bent 
down, and the prc**ipilute is ea^ily 
wat-lieil ofl' (Fig. K). j\ii im])roveinent 
tJti tlub is to use, instead of the glass 
rod, a ]dale of glass (Fig, F) ribbed on 
both sides. This renders the filtration 
very rapid Indeed, and if it weic made 
by the manufacturers of <‘hcmical 
ajtpnrafus, would no doubt be used, 
(H. A. Fessenden.) 

( 7 ) The j)rodiictiDn cif a partial 
vacuum Avithiii the vcs'-ol receiving the 
filtrate has long been employed in 
chemi^^al manijmlations for the sepa¬ 
ration of dense precipitates, and also to 
save time in the oidinary processes of 
filtration retpiircd in the ]>racticH of 
chemical analysis, 'riiere is no reason 
why, in the absence of a centvifAigal 
machine, tlic filtering of gtdatme emul¬ 
sions should not he hastened in aMinilar 
manuar, considering at how small a cost 
an efiicient filter-pump can be nianu- 
factured. 

A good many vacuum pumps, worked 
by a flow of water, have from time to 
time been introduced to the notice of 
the jiublic, but the majority of them 
are not com)>letely satisfactory. Bun¬ 
sen’s is perhaps the best ; hut its 
production requires the aid of skilled 
workmanship, and the outfall iuhe 
must be at least 32 ft. in length. This 
altogether forbids its use except upon 
the iqiper floor of a birtldiug. 

The pump to be described was designed 
hy A. r. t>mitli some years ago. The 
prineiple of its const nu t iou is based 
upon that of GifVard’s injector. A 
cistern of water, such as is to be found 
in every house, is all that is nceticd for 
a Avater supply; but the greater the 
hoiul of water, the greater the power 
of the pump. If the water can be laid 
on from the main supply, nothing 
further could he desired. 

Although a good head of water— 
and, therefore, pressure—is de^^irablc, 
it by no means follows that a large 
quantity of water is required. It is 
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dc^inihhi to attarli .a juncli-rofk 

on the* rubltor tube n Inch fMnnu'rth tJ»o 
pump with the water snp])ly, m> to 
govern th(‘ (|uanlily (lowing tlirough — 
H <’f>n(litiou o.'ihily iiciiuired by a little 
observation ami ]U'actice. 

A 


The (‘onslruction of the pump offers 
no (lidicultv to anvone who can bend a 

m * 

]uece of gbi'>.s tubing, draw out a jet, 
and boro a hole in a cork; ibis Inst is 
]>erhaps ilie most ddlioult of the three. 
!*ioeure a glass lamp chimney about 

35 , ^ 

B I) 





Methods of folding paper filter. 


The greater the itrossiire of water, 
the greater tlie j)OWrr of the ]>unij>, 
which is eaj»able of lifting a column of 
mercury equal in hciglit to that of the 
barometer at the time beinir jnmus the 
tension of a(|ueou8 vajiour fthe colder 
the water, therefore, the better). How¬ 
ever, the pump will work very well, 
and lilt 15 in. or uiorc of mercury with 
a head of 10 ft. 


ii3 cm, in length, and some*glass tubing 
of an internal di.itnet^*r of about 0 mm. 
Fit two t-ouiul corks to ends of the 
lauiji chiinnev. Through\tfe centre of 
the upper cork pass a glastf jet with a 
short nozzle (Fig. Through the 
lower cork ]>ass another jet, havin^^ a 
long sloping nozzle. The diameter of 
the holes at the ends of the jets mfy he 
about IJ or mm. ‘ (Tht* size really 
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depends upon tlio water sup])ly.) Care 
fcUould be taken that the hole in the 
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lowll’ jet is not Rtnaller than that of 
the uj>pei' Jet; they ouglit to be the 


same si^o. 'J'hese two jets are ]ila(;eil 
diani(‘ti’ically o]tpoi>ite eaeh other, and 
nearly in <'onl:iet, so that water ii(»\\lng 
down may jiass sniotdhly out <it' oiio 
into the otli'T, without stnlximj llie 
edee and ‘'jmitjut^ oH’ into the chin.uey 
i;hu)S. A vaeuum i> prodmed a1 this 
]Munt, Thihi^ realh ea'^v 1o aecolupll^hJ 
ho\ve\er ilillieult it lUiiy ai)i)ear on 
jiaper. Adjust an exhau-st tain* tliiout;]! 
tlie up]»er eork, ami, to make tlie wliole 
aihiii'like an instrument that is intended 
to \voik,aud not like a moilcl, mount 
it as in Fii( ’^7, nhere A i* tin; ]nnnj», 
i» (■ I> tlu' exhaust tube ; but at H 
iiiNert a three-way metal tube, ami 
attach a bamineter tube (^saiiie tiibiin» 
as bi’Toiv), wliii-h dip*, into a ve^vsei of 
mercury. Tlu* jumtion.s witli llio 
metal tube ma) be made mlhci bv Sfood 
corkh or rubber tied on nith wire (tbe 
class lulie must jiroject iiuide the metal 
tube in any case), and all the junctl(U>3 
well eux^eved with several eoats of shelJae 
\avnish. d'he ehe^s tubes mav be lixed 
to a hoar4l in tin m.nmer shown in Fi^. 
liS, by cuttin*^ a i^rooxe in a ])ierc ot 
cork, and sei<‘wiiig a strip of tin or bjass 
o\er the xvhole. 

'fhe Ilual adjustment (if the jets can 
only be made wlnle the water is ilowinir, 
and the liaromeler tube, or the exhaust 
tube, is clipping under mercurv in order 
to asceitnlii when the puin]) is doing its 
best. Wlieii the jiropor ]}ositiou has 
been found (i^euerally obtained by 
twisting the jet, as llie point is sure 
not to he ijuite central^ the corks may 
be cox'ored with electrical cement, or 
sexeral applicathms oi shellac XMrnish, 

The (iltering hott le roi\uires no special 
description. (.'are must he taken to 
have a sound cork, and it is as well to 
soak it in melted parallin to till uj) tho 
pores. The rubber which coniiecrs the 
iiotlle witli the exhaust must be as 
thick as juissible, iiiul the ends of the 
glass tube.s must be placed in contact, 
t*r the rubber will be flattened the 
pressure of lliu atniosjdiere, and (dose 
the tube. A jiartieular kind of rubber 
tubing is nianuhiclured specially for 
such purposes as these, and cannot. W’cll 
be squeezed flat, as it has a diameter of 









2 cm., umi a bm-c of only 4 mm. ] 
However, ordimiry bluck rubber tu]>e j 
will do very well for iuo'>t jjurjm.'.e?,.— 
(^ycarhi)ok of I‘hoto.jri(j>fnf,) 

(/i) Some ]nvei|dt.iite.s are so exceed- | 
ingly fine t^at the best iiiterintr 
paper is incapable of r'daiuiivj; them. 
In such cases tiie diflleulty may 1)0 
<)vercome l»y stirriui^ up with the liipiid j 
to be liUercd a litlle /iiudy-jiowdered ; 
I'rench chalk ((»r paper pulp obtained 
by (li’'.soIvini^ paper in acjua 

rci^da and reprecipitatins; in water) ; 
this Siddliiii; on tlie iillor closes tlie 
]>on‘s of till! ]»aper stall furtiier, and 
prevents the |iassa<,^e of the ]>recipilate. 
When lilteriiv^ iiot liijuM' \vhi<'h are 
very acid, or Imvo a hittli specilie 
gravity, much auiioyaiice maybe caused 
by tin* repeated breakage <if the filtering 
paper. This can geneially be preventeil i 
iiy supporting the ape\ of tlie filter on ' 
a stiap of muslin laid across tlie fuiiiKl, 
or by Using pajiers winch have been 
steeptv! in 1'42 mtrio acid for a few 
minutes, wasliod and <iried, whereby 
the pajier is greatly strengthened. For 
tills purpose, alsoj an extra strong i 
variety of filter ]»aper lias been intro¬ 
duced commercially, lln* pc<'uhari(y 
consisting in a netwoik of linen threads 
interwoven with the substance of the 
pa])er iluriug manufa<‘turc. 

The ordin.'iry funnel with .sides at an 
angle of is not adapted for very 
rapid filtration. The long French form, 
having a length ahouf twice that of the 
widest diameter, yiebls much better 
results, and used in conjunction with a 
plairetl filter ])aj)cr givis tlie greatest 
rapidity of filtration which it is poshilde 
to obtain with the simple paper and 
funnel. Two forms of funnel, each 
the subject of a patent, have been 
introduced with the view of lessening 
the disadvantages of the ordinary 
funnel. The first is furnished with 
straight projecting ribs on the interior, 
\vhic‘ to a great extent keep the paper 
from close contact xvith the sides, and 
this certainly aids filtration consider¬ 
ably. Tbe second is of more recent 
introduction, and may be <lescribed as a 
funnel of the ordinary shape euclosing 


the hodv of a slightly smaller funnel 
jjorforated all over with small lioles, 
and kc])t from contact with the outer 
fiiniie! hv 8 projecting ribs, the whole 
ide of ( rtht 

Till* spMce hetweon the iiiuer mid outer 
bodic-,' f the funnel is closed at the top, 
ami a circular hole is provi led in the 
latter, which may be closed airtight by 
a stopper. The j».itentces claim tliat 
this funnel may be used for a vaiiety 
of purjioses besides that of ordinary 
filtration, such as vacuum filtering, 
Avashing precipitates automat icalh', 
diahsis, &c., be'.idivs being .a groat 
imfirovcnient on the usual patloru. 
The following i-> tlie result i»f a <'(>m- 
parativc experiment witli the above 
fiiiiuel. Time rei|uire»i to filter 4 ]>infs 
of liquid,—No. 1, Ordinary funnel, 
jdain tilti'r p.iper, uO minutes. No, 2. 
I’atent fumiel, ]daiu filter paper, 2d 
minutes. No. d. Or-linary funnel, 
jil.iited filter ]ia]>er, 8 minutes. Tlie 
high price of tiie above funnel is it*-' 
chief objection, otherwise it gives very 
good results. 

The most ]»erfee.t way perhaps of 
utilising . ]>aper filter is that suggi'stc I 
by l)r. Svuies. lie makes a linen cone 
aud attaclies it at tbe top to a Avoodeu 
ring rusting on an enrtlicn jar. The 
linen forms a support for the filter 
paper, and a suitable cover prevents 
ev:i} oration. 

TJiere is one point to Avhich great 
iinpnrtanco should be attaclicil in the 
consideration of this suhjeed, and that 
is that there is a certain material or 
combination of material best .suited for 
the filtration of any given liquid, and 
much time may frequently be Sfi^ed by 
carefully noting the filtering medium 
best adapted to each ]mrlicular fluid. 
For instance, a strong infusion of poppy 
capsules precijiitated by Tectified spiiit 
Alters best through swaf'fi’owm, liquid 
extract of hael through pajier, a strong 
infu.sion of senna precipitated'by rectified 
.spirit through flannel, &c., and every 
liquid which presents any difficulty 
requires intelligent treatment acco’*diug 
to itB nature. One combination oY fil¬ 
tering materials seems specially adapted 
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lo ihu iiliratifju of syru]»s, jiaiinel 
coalcil with raw jiajier pul|». Syiujts 
jmsK tiiroiigh mk-Ii m filtor \\itli nnn- 
parativo rapulily. aiul the iiltnitu is ns 
brilliant ns it is pdssibk^ to (jbt.iin it 
oven IhrtnigU ]>aprr (jl the iliiojit tL'xtniv. 
Tli(* shduiti bo inailo of vri \%coarho 

flannolf and filiod wilJi a inixtnro of 
p.i]»or l»ulp and water wiudi lias pro- 
\iously 1)0011 bnilod until tbo ]»nlp is 
quilo disilili^uiatod. -'\s tin* runs 

tlirongli tin* bai;^ tlio pnij* is loft :is a 
uniform layer <iu its intonor. 

'J‘li<'ro aro several metliod.s ()f assistlai: 
tiltratiuii by jtroduoiu" a vacuiun in llio 
I'ocoiviii'^ Ncssel, 0 , o;. witii tin* Idirisoii 
jniin]); also an arrau'^einout pio- 

dnoiii^ .a partial vacuuni b\ ooniua’hiji.^ 
tho rooidviiig vo>sol witli a bolllo full 
ot water plaood at a lu*i';ht ainl ooni- 
inunii-atiui; with a biinilar bottle at a 
lower lo\id# Tiie ii]>j5or bottle nets a-^ 
an aspirator, an<l wlion empty the 

jHKition., .»f tlio bottles call be re\eised 

and tiic aolion reiult'rod eoiit iiiuoii''. 
Tlic piessure exerted liy a rolumn td* 
Inpiifi may be utilised in two wa\s, 
either to force the jillrate thioneh in 
^ tlm usual dijaictioii, or to make it p;^^s 
upward through the fillerint^ medium, 
lu the ^ir^t case a reservmr is jdnoed at 
a eonveiiieut hidjjht, from w Inch ]iro{*eetls 
a tube ierniinatiiiir iii a riniT or collar, 
to wliieh tho lilterinu hac: is securelv 
attaehod^ the heidh^ of the reservoir 
deterniiniiiir the jiressurc ou tlie contents 
of the bfijj;. This im*thod is very well 
suited ftir thick \iscid Ihpiids, which 
contain ))ut little sediment, ami whiejj 
filler too s'.ow'ly under ordinary atmo¬ 
spheric I'l'e-tsure. Ill the second case tiie 
filler R attached to the short limi) of a 
siphon, so that the liquid jiasses in an 
tij»\vard direction througli the liltor, and 
herein lies ^ts threat advautaije, viz. 
that tile bolivi pwtir.n of the liquor, 
instead ou the liltor and 

choking tijxMts pores, tends to iiiovij 

away from it towards tlie bottom of the 
vessel, 

flic apparatus employed for real rifu^al 
nltrj^ion consists of a shallow metal 
box supporUnl horizontally on an axis, 
ftnd capable of being revolved with great 
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rajiidily by means of suitable gearing. 
liisi<le is a similarly shajied but rather 
smaller box made of ])ej’f()j*a1ed metal 
or gauze, and fitting iut«» the outer case 
sons to lea\e a s]>aee all round. The 
inner ease is lined with llauiiel, fonnini: 
a bag into ivhicli the liquid to be filtered 
is p()Ure<i. On setting the macliine in 
motion, the Iiqui<l is powerfully forced 
aganiNt the sides of the llanncd bag ; the 
clear ])oition then j)ass<*s through into 
the annular space bet ween tlie tw'o cases, 
and leaves tlu* sediment beliind in the 
i»ag, A liigli speed is necessary to 
oldaiii good results. 

Of the various melliods just described 
none leinls jtsidf inoie rcadilv to the 
filtration of tlutk \isi‘(jns liquids (iieviT 
cudmg sources of dillicuJtv when coii- 
siiierahle quantities are couceruedj than 
that known as ‘Mipwnid*^ filtration. 
In this, advantage is taken of the 
]U'e.'»‘'Ure of the almo-^plu're by using a 
h»ng column of li<|uul l<» suck tho filtrate 
thnmgh. The apjtaratiis usually em- 
ploycil for carrying out this process 
ciuisists essentially of an imerted ojieu 
box ir iM>ue, over the mouth of which 
the liUonng meilium is stretclied, tlie 
com* being counectisl at its apex witli 
the slioit limb of a sijdion, 'I’he fulvan- 
ttiges oj‘ till'' arr.aiigement arc that by 
lengthening tlie siplnm leg tlie rapidity 
of filtration may be inere.isi'd to an}" 
reasonable extent, and by its jM'sition 
tile filtering medium is j»revented from 
beeomiiig choked up with deposit, the 
seiliment tending to PM»ve away from 
the filtering surlace rather than to settle 
upon it. If a liquiii containing a sus- 
jieudtHi precipitate be allowed to rest, 
a zone at the surface becomes clear in 
a comparatively short time, whilst that 
near the bott<iin still remains turbid. 
As a comp iratively clear liquid filters 
much more quickly than a thick and 
muddy one^ the position of the filtering 
cone (wliich must of necessity be jdaced 
near the bottom of the containing ' vssel) 
in an njiward Hltratiou arrangement is 
hardly correct, as the filtrate is drawn 
from a layer of liquid which is much 
more turbid than that at the surface. 
The correct position of the filtering cone 
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IS evi(!i*ntly af thd surf,ice of the liquid, 
HO that only the Menrost portion may 
have t.o ]iivs'> thnmi;h the filter, and lull 
advauiaire ho taken of the elarifvirm 

“ ^ o 

olloct of su]>*-itlenee. 

In ortler to overcome tlie ditl»cnltieb 
oncDiinlcia* 1, ]>ird de\ised the apparuLu's 
nhon n in Fn;-. ‘M) uitli a view of ajqilyin'jf 
tlio jtrineiple of upward Jiit ration, a\oid- 
e\j)o^ur^ to air at aiiv stai^i* tif (he 
]>ro(‘ess, and ketqniof tlie liltenie; 
mediiini in the most ad vanta<^e(»u8 
pct.silion, MA, at tlie surtaee of the 
liquid. 

-A IS a s(on*'wave jar, of ai>out 2 i^al. 
('•apncitv, pl:oa*d mi a shelf at n heii;j[it 
of o U ft. above tlio \essoI Jt is 

Hecnn‘*l to a hoani (’of sijiiahle dimen¬ 
sions, perlorateil ]>}' a <‘ir«-ular hole </. 

\b of woful, P» in. wide, and also per¬ 
forated hy twi» holes ,v and /• A, 
and D are securclv fastened to'^ether hy 
a Nfriivj; <»r other suitable means. J is 
tlie lilti'i* ]»ro]u*r, and consist^ of a circu¬ 
lar bo\, clo-ed .it tim top and ojien at 
tlift bottom, nnd ahmit J in. less in 
diameter than A. d is djvidi'd at the [ 
<‘entrc by a pr.rtilnui, ulinii thus forms 
nil air-tif^ht chamber in tlie u]'per 
portion. 'Pile tube t j»a.sses throni:;h 
this cliaiither and comniunnates with 
the ](»ner hali’of A, its iijiper end lieinj^ 
connected lo tlie i^dass lube If Iiy rubber 
tubiiiij. (>v(jr the oj»on mouth of .1 is 
stretched the filtej-iiiif ineiiium, con¬ 
sisting of three lavers, calico, paper, 
and tiaunel, the latter beini; on the 
out.side. I'j is bar of wood to whicli 
(he glass tub(‘s H and I are firmly 
attached, J, H, I, K forming a rigid 
system, ]nirtially counter]»alance<l at its 
CLMitrc of gravity liy the. weight F 
through tile cord and pulley G, the 
whole being cajiable of free motion uj) 
and down, so that J rises and falls with 
the Ihjuhl ill the interior of A. Tho 
lubes H and J work Ihrongh the holes 
X, r, andc/, which .s<*rve as guides. The 
weigtt F should be such that when A 
contains no liijuid J just descends freely 
to the bottom of the jar. K is a piece 
of rubber tubing connecting 1 and L, so 
as to allow (»f the free motion of J. L 
is a glass tube passing into the bottle M 


and twi.stod once as sliowm, nofir the 
bottom. A si])hon and pinch-cuck N, Z, 
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Ujnvard nUrution. 

0 

aiv Tc({uircd to ilraw off the filtrate 
from M, ^ ^ 

If it is desired to start (fitration^ A ia 
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with liquid, when, hy the huoyaiit 
action of the air clianihcr in J, aided l»v 
the \vei*;ht F, the Ulter rises to the 
MU face. A cork is in the 

ItoUoin of I., and the end of the ruldn'r 
tuhe V i'i relill>^^'d IroJn I; Ilivnnt;li 
A'and I, J K L and II.I Jire lillef^udh 
liquid (pivremhly briiilit). The coimec- 
lion at is ai^aiii made and seemed, 
and a lavi r of udourie^s Iwavy 
leuni oil alKint ■\ in. deep i.s pimretl oii 
the t>\o surfaces 0 of tiie liquhls m 
A and M. As snoii as the end ef it i-' 
eiieli»sed, filti'atuui eotimieiK'e*' and'.on s 
on continuously. The oil is ol’ ei>iir'e 
iiiiticeessnry in Die ease ot liquids whieh 
<Io not sutler by exposure tt» air. DIass 
jars, furnished vith stop-ioiks at the 
bottmn, may he substituted for the 
vessels A and M with considerable i;aiu 
in convemenee. All j<dn1s must be 
iKuind with wa\e<l thread or wire, au«l 
thiel. rubber tubiui^ used, to a\oid 
collajWL* of its walls and eoiise(|ut‘nt 
.stnpjiatieo: the /Imv ; the lilter J slionid 
also bo well varnished with shellac dis¬ 
solved ill methylated spirit. Tlie con- 
titruction of Dus filter demaiuls but a 
amount of ineebauical skill; it 
•works continuously, requires but little 
attention, and pcrfeetiv i»iotects 
liquid ]tassin" throuijh it from the 
action of the atnio^plieru at any staije 
of the o]ieration. 


bath of tin or paralbn, the iuitiul tem- 
lioraturc noted hy a thermometer, and 
the bath quickly heated until the 
' explosive flashed olf, when the temper- 
! ature marked liy the thermometer w.as 
I aciiin notul. The follow injjj table shows 
some of the re^ulls obtained;— 
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I Kieseii^uiir d\iiamile, No. I TdT liOl) 

ilxploMvc i^clatme.-0-> 

,, „ campluu’ated 174 ISli 

MercuiT fulmiuato .. .. IVo ISl 

I tiunpow'der.*J78-’JS7 

IIiU'.s picvu'powder .. .. -7d--8.> 

.L*7;;-L*00 

Forede, No. 1.JS4~LHI0 

Atlas jiowder, 75 per cent. .. 175-185 

lanmeiisiie, No. 1.107-184 

„ No. li. 105-177 

No. ;i.*JOr>-217 




Explosives. 

S^tir.nijths, — Lieut, Willmiiijhby 
^/alkc, of ilie U.S, Artillerv, lias 
recently coinmuuicated to tlie .Inuvual* 
I'f the .\tnencau Dheinieal Society an 
iinporta^it jiaper on the relative stren<;ths 
oi modern hiy;h explosive.s, which i^ 
iulcresting as illustratinij the consiiler- 
uble vaHati<j{i in the comparative 
Ntreui'th.s, not only of diirerent explosive^ 
of aekuowledijeil vafue, but of the same 
explosive n#L"!tifactnrud at dilierent 
times und ufdor .slightly difl'crout con¬ 
ditions. C. K. !Muiiroe has already 
pointed out tliat the firing point of an 
explosive is also a very variable number. 
In hU|jhnoTe recent experiments, n tliin 
copper cartriilge placed in a molten 


Lieut, Willoughby Walke, in his experi- 
I nuuUs, emplou'd a (Juinan jircssurc 
gauoe for registering*the jiressures 
' devolo))t'd by tbo exjdosives, in preference 
to otdier nietlinds used by the older 
invostignlors, as even the trits/ur used 
'by Ikrthclot ga\e only apjiroximate 
I re.sults, as sliown liy Sarau and \ieille. 
The instrument emplo\ed consisted oi a 
lieavy block id' wo<<d boiled to a cast-iron 
base, in which were 4 iron guides set 
around a 4-in. eircle. A steel jdatc is 
let into the iron bloek flush witl^ its 
npjier surface, and a ring holds the 
guides in place at the top. The piston 
is a cylimler of tempered steel moving 
freely betw’een the guides, and rests on 
a plug of lead which is to be compressed. 
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Conipoi^iihn, ■ T1j« follnwiiic; tal)lf shows the coin]M>silion of th<! more iinji.u-taiit kimls. 


Name of Powder, j 

1 

• 

p 

«T« 

» * 

P 

fj 

. 

* j 

U. 

».. 

-i 

p J 

p 

ir^ .. 
fi • - 

V. 

a • 

s’ 

M. "S 
'/ 

rt Z 
» •—* 

^ ^ : 

1 i' 

P C 

^ 1 
^ i 

■ 

u 

3 

. 4 ^ 

p 

rw 

Hunni tt .. 

X 

X 


1 

\ 

Lannoy .. .. 

X 

X 

1 

J 

1 

l)avc*y. 

X 

X 

' 

i 

Pyroiioiiic .. 

20 


52 5 

1 

OxUiid .. «. 

)(> 


s5 1 

1 

1 

Ilo!)('rt iMc .. 

* 

X 

X 


i 


Schwaiiv. (1.) .. ' 

i )-2 

1^*0 

2G 5 

j 


( 11 .) ■ * 

yi, 

50 

I"*! 

1 


Ku]).. 

!> 

t>i) 

4 

i 

lludcnbiTg .. .. 

10 

51 

40 

1 

1 

Kellow and Slant 

10 

10 

20 , 

10 

1 

• 1 

! ! 

Sjmncc. 




X 

! 


Vynaiid 


2 ■ 





Nciinieyer .. 


X 



j 

Wiiiti* ji(»\»d.T .. 




1 

1 

1 

Dynannb* .. .. 



i 

1 


7s ' 

Imaliiic .. .. 



1 

so , 

20 

lleininick •. 


10 

{ 

10 ' 

(llanl povvi.er .. 

K 

to 

1 

:to 


Vulcun .. 

H 

4 

IS 

1 

55 


Mica. 



1 

1 

52 


Jiorcules .. .. 



1 1 

77 


Klci trie .. .. 



1 

1 

1 

311 


l)es.signolli's 


TiO 

1 



ilrugctc.-) .. .. 


50 

* 

1 



Tonite .. .. 





f.2-5 

K\plodvc gehilin** 


' 


S!) 

7 

At'oa A. 



• 1 

75 ‘ 

fi 

)i 1 *. .» • 



III . 

50 ; 

.Tudson (No 2 ) .. 

I'1-5 


00 

20 , 

(No. li).. 

IG 


04 

f> ! 

llackaha'K .. .. 




77-5 

22*5 , 

Foiciie .. .. 

a 



05 

5 

Oellgnito .. .. 


:t 2 


5(i*r» 

d*5 

Vyrolite(l) 

20 

51 

' 

9 


(II.) .. 

17 

1 > 

1-7 . 



Saxlfr.ig'iie (1,).. 



I 



M ( 11 .) 


2 

1 

f 



American powdci 


40 

1 

( 

1 



Krhardt 


1 

1 

1 

; 1 



ilaUn . 


:iG7‘5 

1 

1 



Horsley .. .. 


■ 


1 9 



S^x^nce .. . . 


' 20 





Koburirtl .. .. 


X 


1 



Oarbodytutmif. 3 .. 


1 



00 


Mcgamte ., ,, 


1 

X 


X 

X 

FiirtlH ., .. . . 

X 

X 





Cordite or Alxl. . 





92 

8 

(9 rcen powder •• 
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~ I Other Ingrcdieiits*mul Not<8. 


X 


t 1 


X 


IS 

X 

11*7 

ir> 

I4> 

s 


X 

> 

X 


4 

10 


If 


Ordinal y p^udiT ^vitU 7 per 
cent o! gypsum. ’’ 

+ search, 

I- 127-5 tan. 

•f 20 lignite. 

+ 1 « liidiydrated bulium 

Hutpliate. 


+ 1 lignite 4 boilium tar- 
Ir.ilc. 

+ (U Uii. 

+ Hulinm carlKiimto or 
stirch. 

+ 7ii barium nltrat-c. 

+ ]xituAsmm cyanide. 

+ L jiuta^Hium cyanide •f 
t Hng.«r. 

+ 22 saTtd. 

+ ncellnlusc+ 7 imrulbn. 


+ 'iH mica. 

+ 2 ci'llniose + 20 luag- 
ncslmn 

llcst unkTj(»wn. c 
+ 50 |»<jtassinin plcnii. h 
charcoal ituKi d lorcauiionH 
or sniiUl iirciirins 
+ 50 ariniioiiiiim picratc. 

-h 47*5 kirium nitrate. 

+ 4 camphor.. 

+ 2 magucRiiim carbonct *. 
+ 2 magnesium carbomit. 


12-5 

15 


1-5 

21 

22 


4 

1 ;^ 


r) 


10 


H 

n 

12 


+ 6 sndiuiii sulphate. 

+ 77 barium nitrate. 

+ 

+ 20 sugar + putOBsItmi 
cyanide. 

+ 2 iunnin inaU*rial. 

+ 40* Hjiennaceti + 168*5 
^ antimony sulphide. 

+ liiowdcred galls. 

+ + 5 budlum .car- 

bonu^*. 

+ nitrouaxibthaUn'.^ 


+ Ian. 

+ 20 picric a$id + 10 po- 
cyanide. 


Notr. X ^denotes that the amount of ingredient present is unknown. QlnduUriett.') 
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The piston weighs 12J lb., and the ex- 
jdosivc is placed in a j^arahola-shaped 
cavity at its toj). The shot was also 
made nf tempered steel, 4 in, jliamoler 
and 10 in. long, and weighed 04^ lb. 

The instrument, is worked in the 
following manner:—The lead ^dug is 
pl.u'cd upon the steel jtlate, the piston 
is jiiai'cd gently uj»on it, and the shot 
next lowercfl upon it. The fu''** L 
lighto<l, and the charge, in exphuling, 
tlirows out tlie,shot ami compresses the 
Ica>l [>lug. The accuracy'd' the te^t is 
based \ipon the assumption tliat tlu* 
lead plugs are of uniform density and 
homogeneous in structure, and tlie 
author, by cutting his j'lugs from bars 
of ]>ure loail inanufacturod from large 
masses of metal at a liigh temperature, 
believes that the error from want of 
these conditions is reducctl to a inini- 
iiimn. T1 j^» iunount of compression is 
llnaijy expressed in ft. lb. by plotting 
the actual iaunpresssiuns measured by 
the Quinaii gauge against the work 
actunllv done on the lead bv known 
pressures. The author, however, did 
not plot out his results in this manntr, 
^ but yireferreil simply to use the mctlioii 
tor determiniug the relative strengths 
of the exp)o.sivi!s examined, instead (T 
calculating from the observed comjires- 
sions the absolute yu’cssures cxertevl. 
The following table gives a summary of 
the results obtninAl, the ordiu* of 
strength being given in numbers, nitn*- 
glycerine having a-Nsigned to it the 
value of 100: — 


Explosive gelatii^ 

(inadi^ bv Vougc\s 

• process)' ..0-585 100-17 

nellhoflite .. .. 0-5Mri 106-17 

Nitro-glycerii^e (old) 0'5:»1 100 • 00 

NobeTs Binokuless 
powder., .j • 0-509 92-58 

Nitro-glycoi'ltj 

(fresh) .. ..0-509 92-37 

E X pi osiv e gl y cc ri n e 
(uyydc from above) 0*490 88*93 

Gun-cotton (1889).. 0-458 83-12 

(1885).. 0-458 83-12 

Nitro-glyceri»e(made 
by French process) 0 *451 81'85 




G un-c<»tton 

(laboratory) 
Ihnamite, No. 1 


0*448 . 
0-448 . 


iJvnamilc deTr.iuzl 0*437 
Knirnensite .. 0*429 

Arni^Ic powder ,, 0’3S.> 

ttxonite (from fusrd 
])iciicacid) .. ()*.'tS:i 

d'oiutt* .0'376 

liellitc.0-3G2 

OMuiitc (picric acid 
mit fused) .. .. 0-354 

llaik-a-r<K*k ,, .,0 340 

Atlas jjowtici*., .. 0*3;».'J 

Ainnumia d}namiUi 0-3.32 
V'^ednev’s jM)n dor, 

No. i.o ;’>22 

^'ollley*s poutler 
N*i. 2.0*29-t 

Mrlmitf. 0-2MO 

Silwr fuluiiualc .. 0*277 

]Vlercur\ fulmiu.ite., 0*27.3 


nf 

btroiigUt. 

81*31 
81*31 
79-31 
7/*86 
C 9-87 

09*51 

08-24 

(io-TO 

04*21 

01-71 

00*43 

00*25 

58-44 

.53, *18 
.50-H2 

. 50*27 

49-91 


Mortar )‘o\\der 

(Dupont) .. .. 0-155 .. 23-13 

(/ ndustrics.') 


FiiiErnooFiNO. (ii. iis'.i). 

Buildings. —In the course of a 
recent lecture by Di*. Tanner before the 
L<uiib\ille Ibianl i*f Diidcrwviters, the 
sultject of fires caused hy steam ]upes 
and hot-air lines was disc.ussed at con¬ 
siderable length. In the course t>f his 
addrcs.s, j)r. 'I'anner spoke as follows: 

James Braidwood, who was fin* many 
yeai's cJiief of the l.oudon Fire ISrigade, 
made the startling statement in 1840 
that it was his belief tliat ‘* 1 ) 3 * long ex- 
po^urc to heat not exceeding 212° F. 
timber is brouglit into such a condili<m 
that it will fire without the application 
of light. The time during which this 
proci-ss svill go on until it cuds in spou- 
tauoous combustion is 8-10 years, so 
that a lire might bu hatching in a man’s 
premises during the whole time tjj' his 
lease without making .-my sign.” 
Among the many instances cited by 
Braidwood in .support of this statement, 
is one to the effect that a lire iu the 
Bank of England was traced to a stove 
which was resting on u cast-iron plate 

V 2 
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1 in. thick, this in turn resting on con¬ 
crete 2 J in, thick, which was supported 
by wooden joists, the joists under the 
stove ignilinijj. JC this is a eanso of lire, 
then the niajoiity of houses heated l»y 
means of steam, lu»t water, aii'l Ind air 
are inconstant dani^er (tf lire from spon- ^ 
taiieoiis eonihnstion, since the general ini- 
])res^ir>n prevails tliat the pipes arel llui*s 
for iieatingcaii with impunity he placed | 
in eontju^t with tiinher, I 

in examining this ean''e of lires, tin* 
tiist «iuesfion Is wlietliei* w ooil w’lll eliar 
at as low' a temperature ns l'\ In 

tearing down iiouse^ for the jmrpose ol‘ 
rehnil'iing, the tiinhcr in contact witii 
the Inciting pipes aiil lines has oft«‘n 
Iteen foniil charred. <*hai*coa! is mail** 
for certain purposes in the arts at F, 

As tile result (tf exjunaments perfonuisl 
in tlie l.ilioratory, small pieces of wliite 
]niie heated a few hours in an air hath 
at a teinperat lire of lUHr F., were i»ar- 
tially couvorted into charcoal. (Con¬ 
sidering these facts, it must l»e admitted 
tile tempej'ature of F. is sullicient, 

if applied for a long time, to (onvert 
wood into a partially burned cliarcoal, 
Accepting this as a fad, the iie^t jioint 
to consider is the di‘greu of heat at 
wliirh charcoal wdll ignite, Al.ado 
from tlic same wood at dilVerent tem¬ 
peratures, the product ignites acconl- 
ingiy ; tfiat i.s, if made at a low heat, it 
tirc-» from a correspondingly low tem- 
]ierature. it ha.s liecn determined ex- 
jieriinentaliy that charcoal for making 
powder, wiien ^iiade at 5o(P K., would 
tire spontaneously at GlS(P F., and when 
wood lias been carluuiised at 200^ F., a 
tcnnK»ratiir'i of K. only was re- 

(piircd for spontaneous ignition. Under 
certain circumstamais, charcoal at a 
temperature of K. even will ignite 
when heated to 212° F. 

So far the discussion of heating ]>ipes 
and flues as a cause of spontaneous fires 
has been upon the false idea that tliey 
aref ever heated beyond 2 J 2 °F. Under 
the ordinary pressure of the atmosjihere, 
as when water is heated in the open air, 
it boils at 212 ° F., but if it is heated 
under pressure, the boiling temperature 
iucrea->es accordingly; for instance, water 


l»oiling at a temperature of 212° F. Is 
under a ]iressure of 147 lb., equal to a 
cnlumii of water 1 in. square and about 
dll ft. high; if the jiressure is increased 
to two atnn^splicres, the tomperatnre 
icquinsi will imrease to2411° F., and so 
on, so -hat when a steam gauge registers 
Gn tlie ai'tnai prcssiiro is 73 lb., and the 
tiMupciature at which the water is boil¬ 
ing as high as 307° F. The higher tlie 
house, the greater must be the pressure, 
and hence the higher the toinperature 
at which tin; water boils, and it bdlows 
that the pipes inu''t heat accordingly, 
and it IS stated that in some sv stems of 
l)*'t water heating tlie pipes have the 
water started through them at a tcin- 
jMM*atiire of F, 

liv the system of low-j»ressure steam 
licating, wiiich is far the most geueially 
used, the jiressnre is only 3-7 Ih. above 
tliat of the atmosjdierc, w^th a corre- 
sjiouding temperature of 228° to 233° F. 

'fiien, wlnui furnaces are used for 
beating, the teniperatun; in a tiue has 
ln'en found to be 300° F,, at a distance 
of 30 ft, from the tire. (\m]de tliese 
figures with those given in refereneo to 
the lieat i -ce.ssary to produce eharaial 
ami cause its ignition, and it must be 
adinilteil that these pipes and Hues for 
heating are responsilde for many fires. 
The apjdicatioii of these facts is as 
follow-.: After long exposure, the wood 
in contact with tlie heating pij>es and 
lliu‘s ih elianged on the surface to char¬ 
coal, Uuring the warm season this 
charred surface absorbs moisture from 
the air; tlieii in the fall comes a cold 
sjicll and heat is turned on, wlien the 
moisture is driven from the jwres of the 
cliarcoal, leaving it in a comlition to 
readily absorb gases. The cold abates 
and the heat is lowered; fresh air in 
abundance then passes inK> the confined 
spaces xvhere the fdpes are generally 
jdaend, rapid absorptiof^of oxygen from 
the air hy the charcoiu follows, with 
heating and spontaneous firing, us 
already explained. 

The body of the timber is hcaieu, and 
this heat prevents too rapid cooling of 
the charred surface when the fA:sh air 
passes in, otherwise the IJharcoal would 
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be j)laccil uiulor civcumstauites iinfsivonr- 
able to ififnition. Tho oxporinient of 
burninjLC iron filiojjs in tho Ihiinc of a 
spirit lump illusliatcs ilu; iutiuonc** of 
(Uvl.sion upon the ignitlinj; ])niut ; now, 
if the iron is in a ])ulvfnilt‘iit stale, :is 
when matU: by hy^li’ogen, it wii4, wlieu 
freshly nijule, ignite to a timI lioat whf'U 
shaken into the air. 'I hen, if it is true, 
as stated }»y an English scientist, that 
the o\ido of iron, if placed in contact 
witli timber and excluded from the uir, 
ami aided by a sliglitly increaseil tein- 
]»eiatnre, will }tart with its oN\i:en and 
be converted into verv iindv (li\ided 
] artu Ics rd‘ metallic inm. here is another 
4 ‘aiise of tires from healing pi[u*'^. For 
dumig the summer the pipes rust, and 
then whttu heated the rust is ieduced, 
leaving the metallic iron in the same 
((•ndition as that made bv li\dritiiim. 

The te^i]K*ialure is lowered, fresh 
air appears, and owgen is rapidly 
taken nj> bv the liiiely divided iron, 
each paithdo heating so rapnliy as to 
give a red heat to the nia.s.s. As 
<‘arl>oii is aide to overctnne quite strong 
chemical allinitios, and will retlnce the 
fjfide undtT stnnig heat, the<»r(*ticallv 
it is pohsible, and the nuthoriln's all 
tend to ]»r(>vc it. Considering all tlie 
points bearing n])on hot water and 
steam ]n]tes, also beating flues, an 
explanation is found of tin* gieat 
number of tires ocAirring at tlie ap- 
]>rf>aeh of winter, and which are 
repin-ted as from defective tliics, sup- 
jio.sed incendiurv <trigiu, 
unknown. Steam pijios packed in san^ 
dnst or shavings to retain tlie he:it, 
whib? steam is e(inveyed to a distance 
liave ^iv(Mi tires. One peculiar and 
important in:4taiU'o is on record of a 
Hre from steam pipes. In the drying 
room of a Voollen mill, a ]»ine board 
was ]>laced som% 3-4 in. above the 
steam pipes t»^ prevent wo(d from fall¬ 
ing n])on tjlem. A lire followed, and 
after being put out, a careful examina¬ 
tion determined to tlie satisfaction of 
allj that the heat of the pipes had dis- 
tille^ the pitch from several knots in 
the ^ine Ix^vd, and this dropping on 
the pipes had ignited and caused the 


(ire. The illustration needs no com¬ 
ment, as the lesson is too jdain to need 
I pointing out. (Dr, Tanner.) 

Ft! vi>rt}of ‘It is found 

lliat a most e^ecti^e com[tosition for 
' (lieproofing exterior surfaces mav be 
burned by slaking a Milli(H*nt (piantity 
of fro.‘'hly burned quicklime i>f the lie.st 
giade, and ^^hen the slaking is eom- 
; ]>lete theie is addetl .such an amount of 
skim-niilk, (U* water in its ahseneo, as 
mil make a li<{uid of tlie consistemv 
' of cream, 'fo everv Di gal. of this 
liquid are added, separatelv and in 
■ ponder, stirring constaiitiv, tho bdlou- 
’ iMg ingredients in tlie (-uler nonietl: 
3 Ih. alum, ‘J4 o/>. siibcai honale of 
]»ota.sbiiim or eommereial ])4itash, anil 
1 Ih. eonniion salt. Jf wliite |aint is 
desired, no finther ailditimi is made 
to the liquid, though the whiteness is 
' found to be impn»\ed hv :i (ew oz. 

, jdnster of Paris. I.ampldatk has the 
; eU'ect <if giving a number of shinies 
I flom slate-M>l<)Ui to Idaek. WliateVev 
, tint is used, it is iiicorporateil at this 
I stage, and the nhob*, alter being 
I strained Ihrongli a sieve, is i uu 
through a paint-mill. Wlien ready to 
aiipl_v, the jiaint is Jitaied in'arly (o (he 
iioiliiig jioint of nater, ami is ]iut <ui in 
its hot coiiditum. It is (bund tiiat the 
I addition of a quantity of (ine white 
.sand to ilii.s (‘oinposition renders it a 
\aiuable covering (br ivxds and cruin- 
hling hnck walls, Inch it S( rves to 
protect. 

Ftrqtroof /'Voors.—^t a iiieidiiig of 
tlie Society i»f Engineers, a jiaper was 
read on the above subject by (j. I'D 
lawlbrd. Alter alluding to the con¬ 
crete floors and roofs of the b’oinans, 
the Iii'^tory of tiropioof tlooring was 
briefly tra4*ed, showing how tlie brick 
arcli grnduallv iriivo wav tu the diller- 
ent applications »)f coneiete and \vronglit 
inm now in general u.se. The objeets 
of fireproof flooring W'crc .stated to be 
as follow :— • 

(u) To divide tlie building into a 
complete series of lirc-resisting com- 
]iariuieuis. 

(/;) To gain strength, and in so doing 
to qvoid lateral thrust op the ^jills, 
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«nnd to distribute tbe weight ocjually 
over them. 

(c) To render the floors soundproof, 
as well as fireproof, and 

((/) 'I'o somre the building from btdh 
dry rot and damp. 

Detailed descriptions were then 
eiven of the following: tvi»es of eon- 
'.truction as instances of modern ]nac- 
fice:— 

(1) 'I’hc concrete arch tlonr, illus¬ 
trated by Dennett's and \Viikinson\s 
systems. 

(2) Th(‘ tint, or sus]>ended concrete 
tloor, illustrated by Dawuay’s, Limi- 
say V, anti (iardner’s .s^'sttnns. 

(d) 'file areli Mock, or American 
floor, ilhislraied by the Do\ilton-relt» 
8y''teiTl. 

(I) The flat brick, or French tbtor, 
illustrated by Homan and Rodgers’ 
system, 

(o) The stdid Avoodeii floor, illus¬ 
trated bv Evans and Swain’s system. 

Several otlier systems wen* briefly 

m M 

tlcscribetl, as having been introducetl 
from time t(» time uitlk A’arying suc¬ 
cess, including tli<>''e now in vogue in 
French and American practice. 

After coutra'.ting the indivi<!ual 
floors, and the ditferent tyj)es of con- 
striiciiou, the two leading features 
for consideration were stated to be :— 

(1) Which system gave most }>ro- 
tection to tlic iron work supporting 
the floor ? 

(2) Which of the different materials 
(‘Tuploycd gave most resistance to 
fire ? 

On the first question, tiie solid 
wooden floor (Evans and Swain's), x*e- 
quiring no iron work for sjmns up to 
.'U) ft,, \vas cuii.sidered to be the best; 
but next to it, and certainly in advance 
of the otheis on this jioint, was ])1aced 
the Doulton-Pcto floor, the liarJ burnt 
clay blocks, with their ovevlap])ing 
bases, forming a rn(»st eflicient |»ro- 
tection to the joist. There was little 
to choose between the arched and flat 
concrete fli>ors, as in the former there 
were comparatively few Joists dejicn* 
dent on a jdastcr covering, while' in 
the latter there were 4 to 6 times 


tin: number of Joists, but completely 
cmased in concrete ; except in the 
case of Homau and Rodgers* flooj’, in 
which botli T-irons and Joists de})endcd 
on a ida^'ter covering. On the second 
question a coiiijiarison was made be¬ 
tween concrete in the dUlerent forms 
employed, brick work, terra cotta, and 
s<did w’noil, and it was stated that for 
fire-resisting concrete, broken brick 
was profVrable to coke brec/e, as the 
act'.un of intense heat tended to make 
burnt <‘lay harder still, while coke 
bree/e avouM calcine and burn away. 
Tile llat britjk ami terra c.otta floors 
were botli <tpen to the objection that 
the ilocirs w'<*re constructed in layers of 
materials diflereutly atfretod by heat; 
but the terra cotta floor, giving better 
]»rotcotiou to the iron work, Avas 
entitled to the preference, while the 
solid wooden floor, though iniiaiuinable 
by nature, wi iild ju'obably give as 
mueix resistance as either brick, con¬ 
crete, or terra cotta floors. A floor of 
the flat brick type, designed and 
pulented recently by William landsay, 
juiu, deceived recognition, as ajqjur- 
ently fulfilling the two requirement.', 
laid difwu by the aullior ; but as it 
hml not yet been used, criticism would 
he premature. It wa'i, liowever, 
observed tJmt the cost and weight 
were less than those of any of the 
similar floors in t^e appended table. 
The conclusion arrived at finally Avas, 
that although the floors described 
Avere capable of giving grt‘at resistance 
to fire, retarding its action by confiiie- 
ii.'ciit, and in this way giving greater 
chances of extinction, n brick arch was 
the only absolufely “ firejiroof ” ».f]oo]', 
and that it would he more correct to 
describe the others as “ fire resisting.” 

The hou>cs of tlie fireproof towns of 
the Ri\'er Vlate are as follows, the 
material being brick. Ki^'h floor, and 
tlie roof (which is flat), is s||pporied by 
Joists of bard Avond, about the same 
distance U])art as in ibis country; 
aiu'oss these are laid flat rails of the 
same, and the sjsices between these are 
bridged over }>y thin bricks 13^,) in. 
long, their ends resting ou the rails; 
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TAULK (ilVJNG llKLATIVK t^OST, WlJCJIIT, ANH S^Fi: Lo\\^ OI' A FlODll, 12 FT. 
Rkauino, in tuk Diri-’FUKxr SvsrhMs I>i:saaiJKi) Anovu: — 


Anh 

('o]ik>t nu lion. 


]>oinn;t. 
l)oii!t4»n 
WilkiiiMiu .. 

Fln< c<inttru( lion. 


Ik’UN nnv 
(la nliU'X* 
llotnau ;i 
Lind ay 


C‘ost I'Ci Rf|. jd. 

Weight i»or h(|. ft. 





Kxelusive lr’»liisive 

ICxclUMN 

o Jill liiMvo Snf(‘ load 

J.Ollgtll < 

i>f 

otjoislh. <d'joShlh, 

of jolhl.s 

. ol JoLsth. 

per Sip 

n. 

aich. 

SiMll 

$. il, F. d.if 

111. 

111. 

rwt. 


ft. 

If. 

,. tJ 9 .. 0 :i 

ho 

.. hi . 

2 

A « 

12 

10 

, . h i; .. 9 0 

,. :io 

.. ;’4 , 

•> 

• w 

« • 

12 

0 

.. 0 0 7 t; 

.. h'l 

.. h- 

4> 

• 

i • 

12 

10 






Item ing 






ft. 


. — .. 7 <» 

• • 

.. 10 . 


• « 

12 

Immato 

. - ..7 0 

m V *' 

. . 40 . 

o 

« • 

12 


■rs ™ .. 7 0 

• 0 

• 1 • 

. . ■ 


• • 

12 


..70 

• • *" ^ 

.. u . 

• > 

• ^ 

■ » 

12 


.. los. (>c^.* 

. . 20 Ih, 

4 

• ■ 

12 



* No joiMs requiKil. 


(0. ]\I. LawfouiO. 


anotlior la\rx' of hrioks (lu-ii lai<l > 
lino, aiul gonorallv 
l.i\or of llaj tilos. Tlio rtiof i.s (ixaotly I 
tlif saiMo, Imt Iia‘> a fjlope of aluiut 1 in ! 
oO. Tho:i iho donrh ami wimlows liavc I 
no boxes, but simply frnmos, wbioh arc 
Md up on buildinjj llu* walls, and built 
in. 1'lioro is no l.itliin^, nor wainscot, 
iior skirting of the bottom of tlie >Ya11s. 
Affa all the wood is of the bal'd and 
b.ii'dish kind.s, 8li>w to ignite Thus 
the houses arc, ns alj’oady said, al>- 
vSoltitcly tire-proof. (T. Gibson.) 

Thcaircs. —Tlie points wbiidi, in the 
ojdnion of the Society of Arts (*oniinittcc, 
should be attended to^n the construction, 
&'c., of thcati'oa, may be classified as 
follows: — (a) Structural (including 
arrangements fur heating, and with 
special reference to exits). (/>) Ar- 
rangrmeut and ti'eaiinent of scenery 
and accessories, (c) AiTangcinent of 
illuxniBating apjdinnccs, and stago 
elfccts inx’olving the use of gas, pyro¬ 
technic compositions. ki\ 

(o) Fti-nctural.—^'fhese are certainly 
the most important ()f all. First, the 
building itf^lf^^hould Ik; <*onstructed in 
a mantifM* cf^uilated to chock the spread 
^‘f a (ire. To this cml it slmultl be 
divided as much as possible by lire- 
prflfbf ]>artitions, and above all, tlierc 
should he u division between the sta 
and fixe audj|oi*iuiu, extending from the 
base to the roof. The opening from 


the stage in Ihi^ j»aitilion should be 
di'tcndctl by a metal screen, or a fire- 
pioof curtain of snim* sort, thoiigli it 
appears, troiu tlu* exjiericuco of the lire 
at the llcrliu Nati(tnal Tlioatre, that the 
iron (urlain actually tore down part of 
the wall, so that this means <if protection 
has its ob|cetionable fcatux’c.s. iN'rliaps 
the curtain dexised by (’ajd. Sl'aw, 
wliiclx can, in a very tew' minutes, he 
saturated witli water, would be clVcctivc 
to this eii'l. Tliero should he an ample 
water su]t])ly, either by rcseiwtors at 
suiliclent lieighi, or by ccuiiicctjon witli 
the street supply—the latter for pre¬ 
ference, Hydrants, and other pro[ier 
fittings,should he jimvided in aluindancc. 
The Committee liave had a favcuix'ahle 
account of tlie action* in some ware¬ 
houses in America, of an anangcuieut 
for deluging any jtart <if a building l»y 
a shower of water frinu fixed j»erforated 
pipes, Means should he j»ro\ided for 
tarrying off siiuikc and heated air, in 
case of a lire breaking tmt on tlie stage 
or amongst the scenery, so that they 
may jia'-s awa\, ill'lle,a'i of being, as 
would now nearly always be the case, 
drawn into the body <*f the theatre by 
the draught ii'^unliy existing, vlt is 
desirable tliat a theatre sliould he, as 
i far as possible, .sepavattMl from ad joiulii 
buildings, especially fi'om buildings in 
Avhich any trade or business is carried 
on likely to lead to fires, The same 
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provision is also of impnrtauro with 
regai'il to exits, it bung of the greatest 
couKequeuoe tliai a tlientre shonbl 
discharge its aniheiX’e into nn)n‘ tluaii 
one street, even, if j)ossil>le, into niore 
than tU’O, The dillerelit ]ii'llt'» id llie 
theatre shonbl have diihn'ent exits 
ieaiiiig riglit out to the stri*et, exits 
))ringiiig stre<ains of peisons togetlier 
ludng specially daogerons. Sucli exits 
bliould increase in width ontwani'-, and 
sliould ]k! free from interruptnm or 
imjiedimout of any (diara' ter. Steps in 
jia^sages, eitlier ascending or de.s\*euding, 
shoniJ be avoi'icd, and any other 
i>bstruetion likely to cause ])e(»ple to 
f’lib All doors should ojieu outwards. 
Staircases should be ]U'operly fitted on 
butli sides xvitii hand-rails. Asret;aids 


or a borate for tbcir basis. The effect 
of all such prciparatioiis is, that it coats 
the artiides, or, in case of tabrics, tin* 

I libres of the articles, wdth a non- 
I iidianimahle suhstanoe. This <lo(^s not 
prevent tlu‘ cvolntion of fioin tlie 
I matcj-CAI when sullicient licat is applied, 

' and the gas thus evolved takes fire, and 
burns. When the .source of external 
heat is removed U') more fjas is evolved, 
‘ind coinhustion ceasivs. d’hus it may 
111 * said that tile article w'ill burn when 
I exposed to Millicieut heat, hut has not, 
in it.self, the power of supporting 
combustion. One ell'ect of this is, that 
it Is vei'Y much more ditlicult to 
such malerials on fire, anti this alone is 
Millicient either to pvexeiit the breaking 
out of lire at all, or to render it much 


heating, it does not appeal* tliat special 
arrangemeiit.s are gcnerallv alopte l for 
heating tlieatves exc<*pt li\ means of 
ordinarv flre-irratc.s in ri'fresluuent 
rooms, lobbies, Shoiibl the eleilric 

light come into general use lor lighting 
theatres, it i.s possilile that they will 
require to be sjjccially warmed, in 
which casi* tiie usual jn’ccautions will 
have to be employed. 

(h) Arrangi'inent and treatment of 
sccnerv and acces.sorics. — A.s regards 
tlie scenery and the lighter sort of 
costumes, there seems to be no doulit 
that measures ouglit to Itc taken to 
retidt*!' these uninHainmable, or at all 
ex’ents, not easily inHammable, For 
fabrics, the best material seems to bo 
tungstate of s;*da, and thi.s has been 


easier to deal vx ith alter it ba^ broken 
out.*’ 

(f) Arrangement <if i'luniinating 
appliances, and of stage elfccts in¬ 
volving llio use of gas, pyrotechnic 
com]iosltions, I'C'c. -There is not much 
In he said uhout the ordinary lighting 
arraiigi'iiienls. In all theatres tliev are 
generally under the eontrol of a spe^dal 
gas-ma i. It is desirable that precautions 
j should be taken for the x’cnliiatiou of 
1 jilaces ill xvliicli the meters are fixed, 
generally underground eellar.s, to avoid 
the risks of explosions. 

When electrical illumination is 
employed, the necessary jireeaiitions 
Klniuld of course he taken; in fact the 
rule.s laid down by the Society (»f 
Telegraph Engiiu'crs npplv equally 


suceeKsfiilly employed in some theatres, I,well to theatres us to other Imildiugs. 
Jleuderson, at iliat time the ]trojjrietor xVliatever system of Hlmnination may 
of tlie Criterion Theatre, giving evidence | be employetj, w’hcther gas or olectricitv, 
before the Hoiisu of(^)mmon^^ (knnmittee ’ it is ah>olntelv necessary that oil or 
of 1877, said that he used it, and tliat j candle lamps should be fixed up in the 
there was no difHcully in its use ns ]iassnges, and near the doors, so that, 
regards new scenery ; to old scenery, \ in case of the failure of \;he ordinary 
he said, it couhl not be applied. There | lighting arraiigeine'ot.s,^ the audience 
.opjiears to be no reason wliy tlie may not be left in the'd^rk. Tliis is 
xvoodwork of sceneiy should not he now done in many tlicatn^.s, and ought 
treat'd with silicate of soda, cither to be done in all. Curiously enough, 
with or without a llme-w^ash, it has ha])pened that these lamps have 

The scenery of some London theatres jiroved a source of danger, a.s a theatre 
is now treated with Bome of the niore in Hungary is reported to havt^ been 
recently invented prejiarations, most of burnt by one of these altej’native '** 
which, it is un 4 crstood, have 9 silicate lamps, 


I 
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Tli« liiilifiiiii tirraiifT^'nicnts for the 
sta^o are oftcu very danjjerous. Tiio 
rules now e\'ist as to tin* iise of 

nMke<l lights ti|»oTi the stage ought to ho 
strietly adliered to. All liglils sliouhl 
he, and in many thealjes are, earefiillY 
jiroteeled: the footlights .should lla^o 
a grate befttiv tiu'in ; \\iii)(len l)afti‘us 
4i\er the stage, carrying voays of gas 
Jiglils, sliould never !»(* all4)vve<l. 

Small areideiits lia\e not uiifre'jneiitlv 
oujurred from the eandess use of the 
o-xy-liydrogen light. 'I’his light, \\heii 
carefully cinjdosed, is ]>erfeelly s.tfr, 
hut in the hands of c.irt'less <• in* 
exjierienred }H*rsons it is liahie t«> give 
risi* to exjdosions of a dani^enuis elia- 
raet<’r. 'ilie causes of nuniy of the 
c\|do.sions ^^hich have octurred, not 
only in tlieatn-s, hut during other 
e\hibitio:is ^^]lere the light has heen 
used, have ^lol. :iU\avs heen traced, hut 
prohahly in many cases they are due 
to ihi* g’lses having heeomo iui\(‘d in 
one, of the bags. A hag in wliich a 
little liydvogeii x*emained inav have 
heen, by mistake, filled \\ith oxygen, 
iniil tlius a mixed gas 4)f .*i very cxjilosiv 
ehSraeter jirodiict'd. Another source of 
tuose explosions is sudden alteration of 
]U’essure upon tin* hags, by which tlie 
mixed gases are drawn back into one of 
the bags when a similar result occurs. 
It would be well if the very simple 
device were euiplo\^d of storing the 
gases, when the ordinary coal-gas mains 
are not employed, or the oxygen gas 
when they are, in proper gas-holders 
and outside the walls of tlie theatre* 


the greate.st ]ti‘ecautions ought to be 
taken. In some ]>hu-CN, linrning houses 
have been introduccil rm the stage. 
This is certainly a mo^t dangemuh 
]>iactico, and might uell be fi»rbi<hlen* 
Extinguishing* Compounds 
and Apparatus,— Prof. Silvanus \\ 
Tlutinj'sou, in a recent lecture, say.s that 
Uiithing ]>ut a self-acting or automatic 
s\slcui, wliich will optTate at the right 
moincnt and at tlic verv sj*ot, without 
the inter\enti<'U of any liuman liand, 
will meet the case. 

ISlodcin automatic appliances for the 
pi*c\ciitioii aiul extinction of tire may be 
grouped uniley the following heads:— 
j {f() auf oniatic s]U'inklcrs; (/>) automatic 
firc-(i('ors; (/■) aiifoinatii; alarms; (tl) 
mist ell.iiieoiis apjili.iiue.s. 

(o) Automatic Sju inklers:—Formnost 
and nu'st impt»i taut of modern appliances 
stands tlie auttunaiic sjirinkler. I^neily, 
j it is a s| ecus vd‘ self-acting valve con- 
(‘ctetl sith a sxstcni of water jti]>os 
placed \\ the ceiling *S a room, whicli, 
ut]»rcal' of a fire, open ninl dis- 
tvihutc water in a .shower t»f sjn.'iy 
cxattly at the jdace wlu'ie the tire 
l»veaks out. It is also usuallv arrang d 
sii that, whenever it is called int(» o] 
at ion hy tl heat, it sounds an al.irm 
l»ell. and summons aid to spot it 
is both fire extinguisher and fiie alarm 
in one. Concerning it, Kdw anl Atkinson, 
])re.sitlenl (if the Boston Manufacturers 
iMutual Firi Insuraiico Comp.iiiy, j-ays, 
‘■'■we consider the autoiuatic sprinkler 
the nmst valuable auxiliary ajjplmncc, 
tlie best fire detector, tlie watchman 


laying tlu gas or gases on in the same who never sleeps, and the device which 
way as ordinary illuminating gas is le.ast likelv tv> be out of order when 
laid on? needed.’* 'the saving etfected in New' 

The use of pyrotechnic coinpo.sitions Fnghvnd alone during 8 years h\ tlu 

is a common source of danger, and it is introdiu'tion of s}u*iuklers is calculated 
believed thaf many of the most .seri<ms 1u amount to and tboir use 

fires are due to th#m, Poiiions of the e\ 1 ending e*i‘ry day, Tiio introduction 
material arg left about after the con- of sprinkler^ reduces the ri^k of couda- 
clusion of |,he performance, become gration by tire to less tlian a twentieth 

Ignited, and the result is a fire. Some ]>art. 

fd these compositions have, moreover, enrliest suggestion for the auto- 

hedft proved tube capable of sjioutnueous matic di^tributioll of water in a building 
Whenever these mutcrials a]>puars to have been made in 180(J by 
aie •sed—a^d it .w’ouhl probably bo Jtdiu Carey, of London, who took out a 
useless to attempt to stop their liseT.— | pateut for “the extingiuslnne^:(t of fires 
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iu gentlemen’s ajiarl incuts ainl ware¬ 
houses ’’ by moans of rose sprinklers 
ronnectetl by ]npos with a rain-water 
tank. Viilvob weighted to ujM‘n, but 
held hack by a roinbustiide <‘ 0 ]*(h were 
])lneo«l near (hu ceiling, so as to hum 
and turn on the water. A few jcars 
later. Sir Win. Congreve ixmk out 
j>atents for a system (»f distribution of 
water by bulbs, roscs, or jterforated 
]>ipes, supplied by water-mains througli 
valves operated from outside. He aKo 
propoM'd to work valves automatically 
i)V cords, wliieli Were scenred With “a 
cenn'ut fusil»le at lli»^ V. or los.” 

In 18r»l!, Willialii IViacenhoy ju'oposed 
a kind of .sprinkler, in wliich the water 
W’as ilistribnted bv a rotating ‘•mill’* 
like a Honi’s engine, (Wivered w'ith a cap 
of lead, guttapercha, or fusible albty. 
Uotating sjuduklers have been subse¬ 
quently ]>atentf*d hyCraugoi, I\irmel(;e, 
and others. 

Jn IHdl, Lonis Houghton patented a 
sprinkler having a rose-head w*itli a 
neck plugged w^ith a fusible .snbstau 
such as fusible alloy, or a uiixturo of 
wax, rcsia, and steaiine. 

In ISfjt, CajdaiiiA. Stewart irarri-^on, 
of the 1st London Lngineer.s, produced 
an excellent form (»f automatic sprinkler, 
W'hich enihodieil n gotal many of the 
principles in the more recent forms. 
Iliirrisoii’s sprinkler eonsisted of a roM', 
tlirongh the perforations of which the 
WMter wonbl be forced; but an internal 
valve holdback the W'ater, tin; valve itself 
being secured by sohler, J>ut it should 
be iiot(‘d us an* imjiurtaut ]>oiut that 
Harrison secured the valve at the lowi'st 
point of the sprinkler, outside the rose, 
Ity a stem, whi<’h passed downwards 
through the sjndnkler. 

Another form of sjninkler, introduced 
by F, W. Wiiiting, has a conical or heini- 
s])horicai rosette, covered by a thin metal 
cap, soldered all round the edgt*. Tlie 
water pressure tcnd.sto fear the .soldereil 
jlang^(S apart. 

It may be here remarked tliat IflO.sq. 
ft., i.e. an area 10 ft. square, forms a 
eouYftiiiciit unit of reference in connec¬ 
tion wdth the distribution of water by 
sprinklers. 


There w eresew eral powerful objections 
to the metliods ado])ted up till that time. 
With im}niro water the perforations of 
roses orjdpes w'ere liable to choke; and 
in the case of iron pipe.s, rust produced 
the same elfect. '1 lie ingenuity of in¬ 
ventory. was called out to meet these 
dillieultiej. Harrison countersunk the 
orifices lu his rose; Whiting patented a 
jdan of letting eyidets of brass into the 
nrilioes; linrritt devLed a tiielliod of 
dislodging seclinient or dust, by means 
of a thimble witli a rounded end, which 
when (b;taehcMl by the melting of the 

^ w 

solder, is elinrned r<nind iushle a per¬ 
forated ri»se by the jictiori of tlie water. 

w 

A more serious defect was that the 
water lu the sprinkler or pipe, by its 
near pri'seiice to the solder, abstracted 
the heat and dtdiiy(Ml the opening of the 
valve. This had indeed been jiositively 
(ib\i:Lfeil in the forgotten sjninkler of 
Harrison, by the interposition of a block 
of wood between the w'ater-valve and 
the soldereil joint on the stem. 

Another defect arose iu some cases, 
w'liere rubber was used as the material 
of the valve, from the clogging of the 
valve on its seat. Woodbury, w^io 
made a must exhaustive series of te.sts ' 
for the Boston Maunfacturers’ Mutual 
Insurance Cinnpnny, on .sj^rinklers of all 
kinds, states that it required a pressure 
of 05 lb. per sq. iu. to make some of 
these valves open, • 

In 1875, the Boston Manufacturers’ 
Mutual Company issued a pamphlet 
re'-oininending sprinklers to their clients, 
although the chief forma to that time were 
fbmjiaratively imperfect. But their use 
s}ircad rapidly from that date. 

Iu 1874, H- Pannelee introduced a 
sprinkler which, though now superseded 
by more sensitive arrangements, did good 
service, aii<l is still in cuiiMlderahlo use 
! It consisted of a mctijl cap sealed down 
with fusible solder over upright re¬ 
volving tnrhiue-jet. At .^'‘pressure of 
1011), ])er sq. iu. iliis sprinkler discharges 
IJ cub. ft. of water per minute. 

The obvious requisites of a good 
sprinkler are that the Bolder should 
fuse at a low' and well-defined tenjpera- 
ture, without any ajipr^ciablo prior 
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softouing; that the mechanism sliould j 
not bfi liabh* to get out of order or stick; 
that the jiarts ojieued l)y heat should be 
capable of ready rejdai'cineut witliout 
skilled labour; that there should be no 
leakage at the valve ; and, lastly, tlr.it 
the quantity of solder to be I'v’lted 
should be snuill, and so ;>laced that it is 
not cooled by contact m itb too great a 
mass of metal, or cxj>oscd to the dii]* of 
the opening valve. 

Now, the ParmeJec sj»riukler takes a 
consi<lprablo time to oja'i)—over two 
minutes usually—ftiving to the length ol' 
the solder seam, and the mass nf metal 
near it; yet concerning it, Atkinson 
says:—“The rannclee sprinkler is 
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sitive sprinkler, wliat result may we 
not ex]) 0 ct from the later forms of sen¬ 
sitive types of sprinklers? More than 
1 GO,000 of the rannclee have been used 
in the Stales, and several mills have 
been fitted with them in England. 

^J’hc sprinkler invented in 1H8I by 
Frederick (iriiirndl showed a marked 
adiancein many details, and soou 
superseded the rnrmelec. Each sprink¬ 
ler is calculated to sup]»ly an area of 
100 ft. Tlu* A'alve, a leaden discallixed 
to the centre of a larger disc of brass, 
is held 11 ]) against the \alve orifice by 
a svstcni of two curved levers, flic 
h»wer cif w'lnch is secured bv fusible 
solder at its lowest point to a light 

41. 



shown, by tlfc tests made by Wood- | 
bury, to be about Jthe least sensitive { 
head on the list,*and the least in capa- 
city of dischib'ge; and yet the whole 
experience witn the Parnielee sprinklers 
has been a success, the discharge of 
Water has sufliced, and we have no 
record ,of a fire getting away from 
them.’tl 

If such is tlie fact with the least sen- 


mctal frame (Figs. 40-42). The valve- 
seat is itself made elastic by the device 
of tiling it iu the centre of a diaphragm 
* of thin, hard metal, perforated for that 
purpose ; and the pressure of the vy^ter 
upon the diaphragm keeps it tight 
against the valve. The larger disc 
attached to the valve-disc serves os a 
deflector. When the solder is melted, 
the levers ily aimrt, and the valve and 
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about J in., loaviug s]>ficc Tho sikuioss of the sealed Parmoloc and 
for the water to e^icape. It (laches the sensitive drinnell sjn-inkler have 
against the disc, which is notehetl, and been such as t<» arouse the einulath»n of 
slightly dished at its edix<*s, and IS llieii iuventnrs to produce other forms of 
defhM't.ed u]>\vards in S]iray to\vai'ds tlie sprinkler, in the States the sprinklers 
ceiling, hence it tails to the tioor. of Harris, Ib'own. Ibshop, linrritt, 

• Kuthcrbiirg, an i Walworth 
are iimre or less known, though 



ill loss evtonsive use than 
cither the I’annclcc or (irinncll 
forms. In the Harris, Brown, 
and Biirntt (sensitive) forms 
the valve is held up hy a 
soldering wdiich holds up the 
valve-stem .s<mn;whut as in 
Harrisoirs original Jn 

liuthonburg’s sprinkler a pair 
(jf levers, clainpod by a bit of 
fusible tube, liold up a rubber 
hull. In the Walworth 
sprinkler the valve-stem is 
held nji hv a cam worked by 
a lover which is either sol¬ 
dered to the body of the 
sjiriukler, or else clamped hy 
an oval Jink of fusible lactal. 
Tills latter device is good in 
so far as it enables the 
sprinkler, after workimj, li? 
be closed \i\* again by merely 
slijipiiig on another ring 
witlioiit the need for skilled 
labour or the removal of the 
sprinkler from the ceiling; 
hut thv oval ring ctf alloy is 
liable to dist<‘nsion and frae.- 


) 


Grlnnell sprinkler in |>ositioii. 

When tlie sjndiiklor has Avorkod, it 
requires t< he re-sohlerod. It seldom 
roijuins more than 15 seconds to 
tdupsu h(‘ff)re the lovers fly under the 
inHuenoc of a direct llame. With an 
ascending hot column of air, the sprink¬ 
ler s'ddoin w.iits for a whole minute 
ludbre it wojks. In the vorv short 
time that lias ola[»sed since this inven¬ 
tion was introduced, it lias entirely 
Hupf''sedetl tlie Purnielec, There are 
now more tliun 300,00** of tliese in the 
States, and more than 30,000 in Great 
Britain, chiefly in the Lancashire cotton 
district, btit also in a number of 
factories and warehouses in Loudou. 


turo, as the alloy is somewhat 
brittle, an I will not stand 
much tensile Stress. 

Indeed, the question of alloys must be 
considered from several ])oiuts of view, 
as the most fusible alloy Aoes not . 
necessarily jiossess the gre:itest tenacity 
or tlie most sharply defined melting 
])oint. A piece of Griunhll solder was 
found to fuse at lff5® F.; it was tough 
and even flexible ; whilst a Walworth 
link which melted at F,, ivas not 
nearly so tough. Professor Guthrie’s 
“eutectic” alloy, which fuses at 
159° h\j was not found to be so tV>ugh 
or to have so sharply defined a ifielt- 
ing point as some alloys of rfSghtly 
higher melting point. Of course it is an 
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atlvantage, from the j)oint of view of 
sensitiveness, to work with an alloy that 
ha^ a very low meltiiif^ jioint; hut it 
must not he so low as to risk bein^ | 
nielleil witli the ordinary toiii|jeratui*e,s j 
at the leiliiiti of a room. | 

(Jln'iouhly, an eloftrically-li^lite 1 null 
ni:iy he titted with s|>rinkU*rs that are 
more sensitive th;in those whieh can he 
used in i^as-iit mills, (\mversely, in 
drying htuises and sttue-rooms, s|iec»al j 
solders with higher melting points ar 
preferred. 



Joliu sprinkler. 


IVogress jn the perfection of the 
automatic 6})vinkler has not been con- 
hned to the other side of the Atlantic, 
and in addition to the American forms, 
ther# are several .English forms well 
Worthy of notice. In one of these, the 


invention of Sidney Sinirke, architect, 
a valve is used resemhliiig the valve of 
the Victor system }trosent]y to he e\- 
plained, and the w ater when ailinitted 
by the va]\c is forced into (he navrt»w 
annular space between two metal dishes, 
the upper om: of whieli is capable of 
adjustment. 

Inijenious s]>rinklers have been in- 
vented by Philij» Jolm, engineer, tif 
Bristol (I'jgs. 44.) 'Ihc form 



«1oUn Hpriiikler, 

which promises hest success 1ms a lead- 
tojiped ball valve lield uj) Ui^aiust the 
Hii|»ply oritice by a pair of springy 
metal levers, which are clamped below 
by a fusible clamp. Tliis clanij), whicli 
is readily replaced alter the sjirinkler 
has worked, is of au ingenious form, in 
which the solder is relieved of all direct 
tearing stress. It consists of a button, 
made in two parts, soldered at tlie 
edges right ami left, and admitting the 
cuds of tile Jeyers by an ajierture winch 
passes from top to bottom. This bottom 
is protected beneath a <livideil coins 
wliicl) serves partly as a deflector for 
the water, jiartly as a protector to the 
clamping button, partly as a collector of 
the aseonding hot air. When thejever 
opens, the I’alve ball drops a short 
distance and operates as a deflector. 
In another form (Fig. 44), a small 
truncated rone of alloy holds up the 
defiecting ball to its seat. In yet 
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another form, tho levers are held to- 

frethor l\y a double link of brass 45), 
the two parts of wJiich arc prevent'd 

front partiiii; by a weilije 
ol‘ allov, .subjected *0111%' 
to eoinproshini^ and shear- 
) inCT stresses, not to tensile 

C stresses. 

<-'!<isely allied to the 
/'/ automat ie s])rinkler pro- 

YjV JU jicr, IS tlie SNStein of 

11(1 .spnnklini; by perforate<l 

I 1 1 I'*!’*'-'' throui^h an auto- 

l j| matie vahe. d'his 

li| system, first nnuie jirae- 

11 1 1 tical by Leonard, lias 

// M lately eoine to tlie front 

under the name of tlic 

JoHn link. : “ ” '•ysU-ni. As 

sb(.wn in dtl, 47 , 

tbe valve is bold up, as in ITarri- 

son’s ]dan, l»y a so)dejine;at tlie lower 
end of tbe stalk, and tiiis boiderin^ 



tions. One valve suffices for 400-500 
sq. ft. of surface jirotccted. 

There are several useful adjuncts 
eniployetl in connection with these 
applianees. Orinncll ti.\es in his main 
pipe, between tbe supply tank and the 




Victor valve, open. 


sprinklers, a valve arranged to be moved 
by the water wlicnever, on the opening 
of any s]>rinkh*r, the pressure is relieved. 
This valve then a loud gong in 
motion, and sounds an alarm. Klectrlc 
alarms arc also used in cij^mectiun with 
^ Victor valve, closed. sprinklers. 

(b) Automatic Fire-doors.—Fire-doors 
ia surrounded by a collecting cone of may be made automatic. The B%>ston 
metal. On the fall of the valve, the Company have investigated this qnes- 
water rushes into the long pipes, and is tiun by their experts, qjid ha^j* pro- 
distributed in jets through its perfora- nounced most emphatically against iron 
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firo-iloors, sny tliey o»rl up 

k»M‘p out Iho water ami men, and allow 
the fire to sjiroad. They annouiu-e tin* 
ojdniou Hint a well-l)uilt wundeii donr, 
])r<>teoted hy tin plate on each siile, is 
iiiueh hetter: the wood wjll iu»t hiini, 
hut it boeoinos charred, holds ^ui fin 
1<t:;ether, and kre])S out fire hrtter than 
an iron do(*r wouhl. 'J’hev mate if 

ft 

antvauafio in the followin'^ nay:—The 
door i\ arransred 1o sliile sliut <ni an 
iiielineil track, and is kept op<'n hy a 
rod, wliicli is made witli a seal (-joint in 
two parts, united in fiie <Tntre, insnio a 
copper lerrnle or sleeve n ln<‘Ji niceK 
fit*s the two ends <if the rod. Tin* J<diit 
IS shown ill 4i:l. This sleeve is made 

ft ^ 


(r) Electric Aiarius and I)c\ieos.-- 
Kdward ]>riE;ht’s arrnn^i'innnts lor fire 
alarms are excellent thiners. Theic 

c* 

are seviTal more rec<‘nt : a very jjood 
fire alarm, hy Martin; another, known 



as Ifitwley’s; and Cnnnell has ajtjdicd 
an electric alarm in the fo of 
fusihle link. He intnuIiUTs soinewluM-e 
into the electric circuit a hltle link, 


4 ^. 




Sc.irf-jointed rod unikd l»y sleeve. 


in loncjitudlnal halves, wliich are 
j secTired top;othcr with fusihle solder. 
TIic omls of the rod ■where they (‘uine 
to^ctlier are cut at an ani;le of 45*^, and 
therefore ieml tt^ fovee the slcf've open 
■when tlie solder melts. One end of the 
loiI is fastened to the door, and liie other 
cud to the Joor-framt. Another device 
for holding a fire-door (»peii is the 
fusihle link. 

The oval Jink (Fig. 49) used in llie 
^^alworth sjiriiikler is unsuited to stam^ 
a tensile s^.ress. The 
(Irlnnel link (Hg, 50) 
is weil^suiled for this 
)nirpose ; it consists of 
two links istamjicd in 
thin hra^s, laid over _ 

one another so a» to Wa'.worth link, 
overlap throughout i 

of their lengths; they are solderet! to- ! 
getlier, arid the central jiortiou is filled 
up with a bit of copper vrire and with ' 
soldtr. These links are introduced into 
some conrenieut part of a cord which 
hold-#np a waight, the falling of which 
I'cleases the nre<door« 



whu'h may be made of a thin strip of 
alloy, in some j)laLe near the celling ; 
on melting, it breaks the circuit ami 
rings an electiic bell, if it is arranged 
to work in a cIo‘-e<l circuit, and tliere 
you ha\e a fire signal of tlio fir.^t order. 
This is med in England. There is 
anotht‘r ojicii (dnuiit system used in 
conuectioii with small (H'iriiudl installa¬ 
tions* it is arranged so that when the 
heat reaches a cafgu^ baml strained 
inside, a copper tube it contracts, and 
makes contact between two strips of 
metal wluch tit an clccti ‘ic Itell, 
Loriaii/s is based iiptm a system for 
making an electric contact. It is a 
little thermostat anangemeut, with a 
strip of two metals soldi'iTil togetlier, 
which, when they are hot, bend ami 
tou(‘h a ctnitact screw, making the 
electric cirenit coiiiidete. Further, 
there is an arrangement of an elftctro- 
magnetic solenoid; it is a coil of wire 
with an iron core, wliich is attracted in 
when the circuit is completed. When 
that core is attracted in, it bears on a 
valve, which is intended to perform the 
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following function :—'riu'rc is a tank 
cimlaiuing sulphuric aci'U of ct>ui'so 
Constructed of S(»!U(i ucid-]»nH(f Mih- 
st:inc(!, such as stonowan*. The \ah*' 
allows a little il to tiiekh? info a 
lower <diaiulnT, \\here there is alrerilv 
a snjiitioii ol‘carhoiiato of soda, :iiidt)ii> 
generate^ an enormous auionnt of car- 
honic acitl, which tlies up tlirough | 
|up»*s, an I so, w'lth or w illiout water, | 
w'lll iiuuu*«liati‘ly <au^e u '^icat di-.- | 
trilnitioii of ^piav of rirlumie acid I 
(w'liich a s|)h‘ti.lid e\tingui''hcr ] 

of file) all o\ei th.it pajt of the laclory. j 
There is also a vil’uL^al arrangement ^ 
for distributing the water, whieh is j 
turned on, and cause I t<» rotate, hy a ; 
small electro-magiicl, winch is aKo l 
automatic. Aul an mdc|)en(]cnt pit'cc | 
of ajtjiaratus, (|uito distinct from tin 
others, i*> a very strong cylinder charged 
w ith compressed carbonic acol, liaving 
a ValVC weighted, but plopped up by 
a liUle trigger arrangement behnv. 
Directly tin; oleetrlc circuit is com- 
|)leted bv the arrangeinciit tir^t de- 
scribeil, the electro-magnet helow'^ tin 
cvlindei* attracts its armature, bds 

tf * 

the trigger, the weight filN, turns on 
the valve, and you immediately have 
carhoiiic acid citlienlistrihute I through 
pi]»es or ](‘d directly into tin* open air. 

(</) Jlisc'dlaiu'ous Ajijiliances.—One 
of Jolin's d(‘vices to ta!;c the jdacc of 
tlic Grinnell link is a litth' button, in 
wiiicli the edges of the brass discs 
re<'eive the tlirust, and tnke olF the 
stress from the allov. When it is 
reijuired fir uv in a ci>rd to hold u)> a 
viilve lever or a fire-door, it is provided 
with a c'ouple of loops to attach it to 
the ctiru. It is realily replacejvlde 
after the fire has burned out, an I would 
be a little more reliable, perhaps, than 
the Grinuell link. Another contrivance 
of Jolin's is an arrangement to make 
a grenade automatic. The greatest 
objection to grenades is that they do 
not throw tlieinselves, and thev do not 
easilj break. .Tolin wants t<» nnike 
these gnmades self-acting when a lire 
breaks out, therefore he ])ropt)ses to 
hang a grenade up in a sort of cage at 
the top of the room, the cage being pro- 


vitletl with a small button held together 
w’ith fusible alloy. When that is 
aUccted hy the ascending hot air, the 
button bursts open, the cage opens and 
allows the grenade to fall, and directly 
the greuale falls, an iron w'«.*ight follow's 
alter il, arnl lii'faks it in mid-air and 
sprinkies thcli<{uid about. 

JJi tui f Hi'nzuu' uthl VHrolvum 

7w/'tV.—^rin* Use of aiumoiua for this 
juirpo^e was ]»rojM»scsl bv a coniiuitlee 
oj‘ tjic I’ol\teidinic Society at Munich 
(hce. ii. -iKi). A niucli cheapm* and 
more easily acces>il)le extinguisher is 
onlmarv iimmouiacal gas-h(|Uor of 
y*Tw, This was tried with the 
greatest sui'cess (o extinguish a fire of 
a most, formidable kind whicli .suddenly 
Iirokc out in a tar distillery. Tiie lieat 
of the fire cau.sc.s a large disengagement 
<'f carbj)u dii^xiile and sul[»luiretted 
hvdrogeu, besides aiuinouiacal gas aud 
.steam. The use of gas-liifimr (to be 
1 .sett let! and .stored in closed boilers, 
witli suital>le'|)i]ung aiul forcing power, 
iLc.) bas been strongly recommended 
for extingiiishmg firc.s in cotton mills. 
(Jl. Soc. Dhcin. imh) 

Textile Fabrics. —(13) Pr to- 
clibiride of manganese, 3.1 per cent.;'’’ 
phosiihoric acid, ‘JO ]ier cent. ; boric 
acid or bora'c, 10 per cent; chloride of 
magnesium l‘J per cent.; chloride of 
aiiiinouium or sulpliate of magnesia 2.'> 
]>er cent. The lufterials are iminorsed 
f(U' ()-S hours in this solution at the 
tmnperature of ebullition. They quickly 
become impregnated witii double salts, 
iiisoiuldo in water, and the incrusta- 
* tiousthat nrc fnrmeJ etTectu*il!y ]»rotect 
the materials treated against fire. When 
exposed to a quick fire, they Ci‘rbonise, 
but produce no tlaiae. (Prof. Wiuckul- 
inan.) 

Timber.* (9) At tho^,requisition of 
tlu* Pelgian Minister of Public Works, 
P*oudin and Donnj^ professors at the 
(S hent University, have t. cotuhicted a 
serie.s of experiments and* iiivestigatioiis 
in connection with rondering wood 
uninflammable. The following 
embodies the conclusions at which they 
arrived. ^ 

Although wood canUot practically 
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br roinlf'rt'tl w fire]»rtn>r Ti(»t In bo j "JIk* im*Jlur|.s oj’ jiri'sor\nit; wmchI 

doijtroj’rd 1)}* boat,, it vory jios^ible to tiro are *>rt\vo kinds: the injt*o- 

doprivc it to a C(»i)sideriiblc extent ol tho tion of saline solutions, and the aji]di- 
jirojierty <»f eatchinc and tainnniuiientin^ latioii of a ]>aint or coating. The 
lire; and tothisend it issufhrimt toi^oat former :ij>pears Imt little ]n*aetieal; and 
the wood with a suitalde eoinj»».sili|^ii. It indeed, short of jiroofto the eonfra. \, 
is not, houever, sullieient that lids it uinst be (Naisi*iere«l dangerous in the 
eom|)osi!ioii possesses in a idgh d«“^ree *ase o| \vo<»(| ot large diineiisious. 
tlie pro]»erty of rendering woi>d iinin- >ysteni is, ho\^e^el^ aj»|iiieahle to small 
nalde. The InMtment tntist md pieees (d uoimI. Of all the sidhslanee. 
in\olw' an exjiense out «d ]iropoifion reeoininend‘'d, a eoiu*i*nlrated soluloui 
Mill) the ]>urj)ose t<i the nood is oj p}iosphat< ot .uniiionia is undoiihtei)}v 

ajiphed ; nor tlie pr<>eess lie sin li as to llie hest, thi* use <pf this siihstain'e, 
*!el:i> tiie raj>i<i exei’ulion of w firks : iier indwitJistanding its high pii,e, pnssi;,,- 
thesuhstauee employed he lialde foal lack ing sucli great .*i'l\ant ages that it .diould 
any metal parts which it inav he llec■^‘^- [,<* emphneil lu all ea-.e.s where expen. e 

s'lry to use with the wood, 'J'he process ; is n<» objeet. In tlie majoritv of eas<*s, 
should he of easy aj>plica1 ion, with a ' Incr'ever, eoating with a brush is tin* 
brusli, for iii'-tanee, the only manner in ! only ]nMelieal stdiition of the <|mMion, 
wliuh it (an he applied to existing land the snbslaiiees most to be reeoin- 

struetures. 'fhe wood tlms coated 1 mended for use in this manner am 

% 

should present a neat and tidx a)»- eyannle of potassium and a*-hest»>s )»ain(. 
])earanee, aufl slninld also ))e eajiaidc (»f (1*0 1»- HotV, jnadessor of ilicmistiy 

vecuninga coat of ordinary paint over I at the stale college in Jaroslaw in 
the tireiirooting romjxisilion; nor , (lalicia, lias pn>du<'e<l in a cheap and 
should one or tile olher coat he subject 'easy niaiintn* a wood not only unm- 
to alteialion after a moderate lapse of tlammahle but even incomlnisti}ib». 
Inn^ Following are the exeelbmt tpialUies <d‘ 

• If, instead of coating, injection bo this wood; Ineombnstihilil) at high 
employed, certain substances, notably degrees of heat (temperature wln*n 
<hloride of calcium, shoubl be rigorously glass melts'), wherebv it neither bums 
excluded, because they w^ould keep the with a llaim* nor brightly glows, 
wood ennstunlly damp. The injection | gencu ates no sulVocaliiig gases or smnkt*, 
method is easily ayjdied to small and givi-s out hut litlle heat ; a glow on 
articles by simple imim'rsi»>n ; and it the surface in the open air, as well as 
Is prcfurahle that the com]>osition or in a strong current, witlmut burnnig 
solutiMU bi* liot, if not boiling. The or igniting thereby, but extinguishing 


possible diminution of strength due to 
all injeetioi^ }*rocosscs should also be 
taken into account, although the 
results experiments are not eonclu- 
•Mve on this point. 

It follows from the above considera¬ 
tions that w^^od cannot be rendered 
incombubtible, or iin»re strictly speaking 
non-altcrahle by h?at; but its noii- 
inflainmahilitjfc may, to a considerable 
<*xtc*ut, be Gn!4tirud, so as to preserve 
imildings from a limited and temporary 
hre, jjt any rate until assistaiice arrives. 
It. is, however, hopeless to expect a 

with inflaminahle 
Bubatatfees to fass thVpugh such a test 

uninjured. 

•• 5 


momentarily. When to great 

•iieat for a length of time tliere remam 
no asiies, but a eomjuiet coal wlueh tloet, 
not burn. At the same degret* of heat 
ziiie sheets melt in seven seiamds ; slate 
breaks into pieces tiles become glazed, 
and felt for roofs burns with a hi'iglit 
tlame. llesides this the last-mentioned 
rooting’’ materials otfer no piotection 
W'hut(!Ver in case of fire breaking out 
from the insitle, because they aie 
fastened upon boards. The chemtRil 
necessary for the product inn of the 
incomhusiihle wood consist of the 
cheapest refuse of industrial cstabli h- 
incnts. The process of manufacturing 
|s simple and cheap, and inay he applied 

a 
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i(i Jill Shingles in.'vde 

from it. hfive a pleasing a])poarance, 
rosfiinble tiles, are cheajier an*! safer 
against fire th.uj felt, //me sheets, &c,, 
and, snK'e the prot‘ess j>re^crvos the 
wood, last 25-311 years. {Gewt'Hh' Zeit.) 

(11) TJie iollowing treatment of 
wood is alleged to render it ineom- 
hustilde without anv alteration in 
nppenraner. Intense heat chars tin* 
surface, slo\\lv and ^^itllont ilatne, hut 
does not jMMO'irate to any evteiil, an I 
leaves the tllire intact, w lierel)\ ju c.isi* 
of (ire the tirenom would liave no 
oecasion to fear that the materials (Hi 
whioh they tri*a I wonM give wav 
Iiene.ith them, if this <»peration li.il 
been iindergont! hv the \vu(»il «omposiug . 
the staircases, floor, (fcc. 'I'he clu*mi<‘al | 
rom[>onnd said to jn'oduce tlie result i 
is:—Suljihate i»f zinc, 55 11».; ]>ota^h, 
22 Ih,; alum, 41 ih.; o^ide of nrni- 
gaiiese, 2'2 Ih. ; suljdiurie acid of tur 
Tvv., 22 Ih.; water, 54- Ih. All the 
.solids arc to he ])oured into an iron 
holier o‘Hitaining the water at a teni- 
]M'ratnro t)f 11.S* F. As soon as tim 
huhstaucos are dissolveil. the sulidinric 
acid to he ixmn^d in little hy little, 
until all the siihstanecs are eomiiletely 
mlurated. For the jireparation of the j 
wood it should be jda’cd in a suitable 
ajjparatiLS, and arrangeil in various sizes | 
(acetu’dlug to tlie joirposes for wliii-li 
it is intended) on inm gratings, care 
being taken th;it tlier(‘ i.s a s]>a(a* of 
about J iu. between every twm ]dcees of 
wood. Tlie eVeinieuI eoinpound is tht*n 
pumjied into the apjiaratu.s, and as soou^ 
as tlu! vae.iiit sj)aces are filled up, it i.s 
noiled for ‘5 hours. Tin; wochI is then 
tak<m out and lai«l on a w'ooilen grating 
in the open air, after which it is fit for 
use. 

Ink. (ii. 32.';-347.) 

Black Writing Ink. A. (A).— 
The following formula is said to have 
bcftt in use iu 1654, and to liaro ])ro- 
duceJ an ink of gi-eat })ermancncy, if 
one may judge from manuscript 
written by the person who is the 
authority for the formula : IJ dr, 
coarse-powdered galls, IJ dr. aiilphate 


I of iron, 10 dr. gum-arabic, and 1 pint 
' soft, wMter, are to be jdaced in a bottle, 
which is to be securely stoppered and 
])laeed in tin* light (sunlight if j>os- 
sibh*). Stir tile, contents occasionally 
until the gum and copperas are dis- 
solvtjfli, after w'hieh the bottle should 
be bliakcn 4lail V. In the course of 4 0 
w<*eks the ink w'ill be fit for uie. The 
addition ttf 10 drops carbolic acid will 
prevent the formation of mould. 

((') rdiie-black Wiitiiig Fluid.— 
i>igest together for a fortnight IS oz. 
bruised galls, 1 o/. bruised cloves, iu 
10 wine jiiuts water, Tress and filter. 
Add to th<» clear Inpiid 0 oz, sul]dinti) 
of iron and 2 fl. dr. .sulphuric acid, 
sliaking well until .solution is eni;ctcd. 
Nevt add 1 oz. iinligo ]»asto, and filter 
if neeessarv. The ink must be kept in 
W'cll-eorked bottles, and it shouM b^ 
made in ve.ssel.s of glass or stoneware, 
(l^m. Thar. Jl). ^ 

(h) A good black ink can be made 
W’ith the follow iiig ingredients !—2 Ih. 
galls (ill moderately fine jtowder), lO.V 
oz. cop-peras; 10 oz. gum-arahic ; l4 
oz. sugar. Water sutficieiit to make 
ItS pints. I'lacn llie galls in** an 
enamelled vessel, pour on it 6 jtint.s*^ 
boiling wMter, and allow it to macerate 
2day.s; transfer ton glass jicrcolafor, 
in the neck of which is a piece of 
abstirhent cotton, through which allow 
the Mrjuid iKirtJ'on to drain. When 
tliU is accomplished, jiack the galls 
^ firmly, and displace with suflicient 
water to produce 2 gal. wdth that 
]»ortion of the infu.sion which first 
]iassed. Tlien dissolve tliO gum and 
.*;ugar in 2 pints water; add this and 
the co])peras to the infusion •'of galls. 
This, after standing about 12 days, will 
produce a very siijierior ink. About 
H drojts wood creosote should be added 
to prevent inouldivg. 

(/) iiruised mitgalls, 12 part< ; 
co]>peras (slightly calcified), 4 parts ; 
gum arabic, 4 parts; water, 120 parts. 
Mix them together in a st<ine bottle, 
and let them stand for 2-3 weeks, 
shaking the bottle from time .to lime. 
Then pour off the clear^iquor,|ind add 
a little creosote'to prevent mouldiness. 
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C. 0/) ]>yrogallic arid, 1 part; 
jMilv. tjuin jirabi<\ H aininraiia 

vauadiatr, .'i jiaris. Those to 1 k» mixed 
in a inoriar and .sudicient water to In* 
addl'd. This forms an intenselv tdack 
ink. 

Copying Ink. (/;) Nii;r(tsiiu* ink 
may ho usi*d for eoj»yins;, il the Jelatin 
and bichromate are <Jinittod. The 
folfowing will he good pro|M»rti<nvs : 


Kigrosine ., ., 

1 (M) grains 

VVatei’.. 

() I 11. tiZ. 

Glycerin . 

.’If 11. oz. 

(/) A better cojiyiug ink is obtaineil 
by rediK'ing any good iron ink ]»y 
c\.itioM, and adding s<une gl\ccrin: 

Dlaek iron ink 

lt> vnlmneii 

lledueo by evaporation to 
and add 


iSlycerin . 


(/a) Amjfher good copying ink which 
is said to yli'hl o—o good im]»ressions, is 

j>rej)anMl, according to 
f4dlow's: 

iJutlgcr, as 

Extract of jogwo.od . . 

. dl pails 

Soda. 

. m 

('iiromateof pot assiuin . 

• “■ 

(fiveerin. 

. 1:4 

Gum araliii; . 

. HI ,, 

Water . 

. 270 „ 


Dissolve the extract of logwood, 
logoihcr with the soda in the water, 
add the glvi'erin and gnm arahie, and 
linally add the chromate (not hiihro- 
mate) of potas.siiini dissolved in a vor\ 
small quantity of boiling water. The 
ink may bjj iis<hI at once. i 

(n) For readily transcribing letters 
witholU a press.— For the j»ast thirteen 
years all letters, repoi-t.s, &c., that I 
have written have been ti*ansrril>ed into 
an ordinary thin-j)aper copying-book 
with no more ctfort tbaii is cinjdoyed in 
using a pieee of blotting paper. It has 
ojily been j\ocessary to ]dacc the page 
oi writing, ^lote size, letter size, or 
even foolscap, in the letter-boiik, and 
uso^a leaf of the letter-book just as one 
xvonld URo a leaf of blotting paper. 
The t$nperl1uous ink that xvould go 
into ^1otting»paper«goeR on to the leaf 


of the letter-book, and, showing through 
tlie thin pajier as usual, gives, on the 
other side of the leaf, a perfect traiiRcrijit 
of the letter. Any excess of ink on 
the page, either of the letter or of Uie 
copying }inper, is rcmovetl by jdiicing a 
.sjiect of blotting papM* between them 
and running one's hand llimly over the 
w hide in the ordinary in.'inner. 

1'his re;nly transcription is a(:<'nm- 
]>lished, as will be antb ipate<l, Ity using 
ink \vhi<h slowlv. in<Iec<l, <»b- 

viously, the ink must tlry siillu iently 
sh^Nlyfor the characters at the tnji of 
a pagi' of writing to remain wet when 
I the last line is written, wliilc it must 
j dry sullicit'utly fast to jirecliuU: any 
ciianee of tlie cojiictl page hciiigsmeared 
while Mib-cfjiient pages {ire being 
eoveied. The ilrymg imisf also be 
sunieit'idly rapid to picvent the idia- 
raeters “ x'tting oH,” ns ]>riiiter.s term 
it, (‘nun om» page to anotlier after 
folding. 

Now to maiinfaeture ink that sliall 
dry at t h*» mte and in the maimer just 
iiidh'ated, no matter wluiL the size (d* 
tlie])ageof writing or how quieklv or 
slowly it bo written, no matter Avhetliov 
then)]'at the time be dry or moist, or 
the writing jtai>er bo unglazed, pi»rous 
and absorbent, or highly glazed, ebise 
ami non-absorhent, is impossible, Kva- 
]ioratioii proceeds by law> wliieh man 
can neither suspend nor hasten. Tliiii 
up-slrokos writtiui with any variety of 
ink inevitably dry quicker than the 
thick diw\n-sirokes written wdth the 
same ink, no matter w'l|jit the wishes or 
requirements of the xvriter. Hence 
there are tU-fects in my copying ink 
w liieh are inherent, ami, I fear, irre- 
mediahle. in short, jirohahly no varia¬ 
tion in the mode of inaunfaeturo of 
copying ink of this character would re¬ 
sult in a writing fluid wdiiidi eould be 
used by all persiuis at all times under 
I all cirenmstanees. Still the ink lias 
been of the greatest service to me my¬ 
self, and should be equally Uf^il to 
others. In purchasing WM'itiiig ]>a]>»‘r, 
it is easy to avoid the excessively pororis 
or the very highly glazed. On th“ ex¬ 
ceptionally hot days of an exceptionally 

o 2 
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hot siunin<T, whrn all ink with | 

exceptional rapidity, it nut didicult 
to write somewhat more thicklv tlian 
usual, aud thus maintain the wetness of i 
the words until a pat;e is roinjilcted 
ready for copvinsT. lu verv moist ; 
■weather wlicu the (inislnsl diKUinrnt 
written with tins ink would not djy 
ra]ddly, and therelore would he li.iliie 
to hecmin* snirared, it is not iiiipraftn*- 
aide to UM' a tine pointed ]>en or to )od<l 
your 4she(‘t hefijn-a tin’ or nyei a tras 
tianie fora motnent or two. I^asth, 
the evfrenn* farilitv with wliieh letters 

4 * 

are copied w'lth this ink and tlie ccre.il 
convenient'c attaehed in the a'hanta'^e 
of jM»ssesi?iiig transiTipts fd' kHers, ete., 
are chea]>ly jnirchaseti at the ppee of a . 
little care and practice in inakme; one’s 
«j>-strokes and down-strokes pretty 
much of a thickness. 

lint I am exagtijeratin^ didiculties 
Processes, ap]iarent]y jn*artit:it»le when 
doscrihed, (ifteii turn out hopelesslv 
impracticable when applied. Con- 
Tersely, ]U’oce,sse^ at>jiareiitly iin]»rai'- 
ticahlc often admit id'ready application. 
My description of flu* use «d‘ my ink 
must, 1 am siirt‘, convey an impression 
of imj*racticability. -As a matter of 
fact, however, 1 u^e the ink fnnn year’s 
end tf» year’s end without anv trouble 

w • 

Avhatever. The case id' this ink is one 
of those in which unavoidable di.s- ! 

j 

advantages are coni]>eiisatetl by an , 
amount of personal carofniiiesh to which 
one easily hecoines lial>itiiateii. 1'he . 
flisadvantages, of cnnr.se, ]ire<-lude tlie i 
introduetion of ^:he ink into indiscrinii- 
imlc wholesale an<l retail trade. The j 
Mrui of manufacturers that, consulting | 
me iT.sjiecting copying ink, entertained 
my suggestion to use such an ink as 
this, went to the expen-^e of ]irovision- 
ally patenting it, in the hope that before 
tlie period of provisional piadection 
elapsed it would he improveil suilh'ientty 
to render it an ordinary eointnerejal 
article. They have long abandoned 
that nope. I, too, have now abandoned 
it sufTiciently to induce me to ])ublisli 
the mode of making and using the ink, 
in order tliat at least others may enjoy 
its use to the extent to which 1 enjoy 


it mvseir. T!u' ink is really in\alnablc 
to me. To jjharmaci^ts, retail trades- 
mtn, yirofes-'ional men, private persons 
and others who desire to keejM-opics of 
tlu’ir letters and writings, but who do 
not write enough to render worth while 
the nsi* nf a <‘opying-ho(»k and copving- 
pre^^, itr the em))loyment of a junior 
cjcrk or olhee boy tor press copying, or 
who may desjj-e to keep a private ropv- 
ing-book, this ink will also pro^e in- 
\aluahb‘ 'I'he ink can he niaile liy 
cbeiiu‘'ts and druggists, wlio also might 
vend the article with no Ios.h of dignil\. 
Fur the sale of jt wmilii he accoiujianied 
bv one of tliose little intelligent stale- 
uieiits respecliiig mode oj use and at¬ 
tendant Conditions which cmne so natn- 
r.illy fzom the pharmacist. 

I have only to add the proc(*s.s of pre¬ 
paration, The princiide td’the method 
consists in dissolving a nuHleratelv' 
powerlul liygroscopic substance in any 
ordinary ink. After I'.vjx-rimouting on 
all such <-nbstance.s knowui to me, T give 
tluj preferenc(‘ t(» glvcerinc. Koiluce, 
l»y evaporation, 10 volumes of ink to t»; 
then add 4 volumes of glycerine. Or 
maiiufacture some ink of ne.arly domde 
strength, and add to any ipnintity of it * 
nearly an efjnal ([uaiitity of glv<erlno. 
(I’rofessor Attfield.) 

Indelible Ink (1 b).—Triturate 
grams aniline black witli OOdriips 
strong hvilrochloric acid and 4-—i.'i 
grains strongest alcohol; tlu*n add to 
it a hot .sidution of L*J grams gnm- 
araliic in 170 grams water. This ink 
attack.s steel jieiis luit little. It is not 
'destroyed eitlier by stroiu, mineral 
, acids or by strong lye. If the first 
^ alcoholic solution of aniline lilack be 
I dilntt‘d with ii solution of grains 
I shella(‘ (in.steal of gum-arabic) in 17t> 

I grains water, an ink is piV/xhu'ed wbicli 
may be empbned for w'riting on w*ood, 
brass, or leather, and which is remark¬ 
able for its deep black <*obmr. 

Invisible Ink (r):~~ Finest po¬ 
tato starch, kilo.s., and powdered 
iridinc 1 kilo,, are mixed and tlicn 
rubbed througli asiexe, tlien ^mixed 
with 4 litres water and 1 litre, rec¬ 
tified spirit, Tne refnlting black 
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]iowdei‘ is allowt'd to stand for 14 da vs, 
tliPii drif^i and cxposod io 11k' air, 'Ihe 
dry jHiwdcr (‘ontains ]<> ]M»r c-rnt, of 
iculii Th(* iodidp of .st»ni;h brcinni's 
Si)lu}j](* wlo'ii liuaiod Avilli stiiriii;: in an 
(‘iiaimdlod .sauc<‘|'an ovor a tjcntU* iirt*. 
As souii as tlio |H»\vdi‘r is dry tht^oponi- 
tioii is lini.sJuMl, it then emits a jmn- 
Mil " From lime to ti iirint^ 
tie' litMliiig it imi.st he aseertaineJ 
\vliet)i4'r the jioutler has heeome sohihle^ 
hy lieatiiiiT som ()f it with water in 
an iron sjuKin, At a btia.m; heal it 
yields a red sidution with h'sj, of 
iodine. In or«Ior to jnnify the powder 
and make it llmroimhlv solalde, of n 
^ loJet tint in oldwatir, a <’oneen- 
traled solutionis made hy lo'atin^, so 
that it shows 7-H’’fin:, solution is 
allowed to dejtobit for seveiai days, de- 
(Mht(‘4l and preeipit.ited witli rectilitd 
spirit. Tiy; jn'eeipitate is strainevl, anil 
drioil in the drvinir closet. If v\i oss i»f 
sjiirit is mmmI m the jnecijdtatmn, a 
^uinmy matter is thrown down, the 
preseneo ipf which is su}»eriluons. A 
certain firm claims to he the side niaiiii- 
laeturers of the ink. They ad\crliso 
thUt writiiiiT OMMuited with it irradu- 
aUy fades awav and cannot ho restored 
h} any chemical, and statt* that the 
time it takes to fade depends on the 
)‘aper tliat is used; if written witli a 
}>erfeetly clean steel onimll j»en on nn- 
glazeii pajier the e^'anescenie will 1 
more rapid than when written on 
glazed paper. On some pajiers it w ill 
disappear in a day, whilst on other 
kinds it will take more than u week. ], 
trieti this fhk on various sorts of papi'V, 
and found the writiiii; ipiite Msible 
after (f weeks. It can easily he re^ 
siored to a jet black hy expoMiig the 
w ritiiii; to the fnint's of iodine. l*erfeo- 
tiou has nor yet been obtained in the 
lU'iHluetion of tbis#isefnl ink ; there ap- 
Itears to ho some rlieniieal either ul>- 
sent or not ]){esent in a sulbeient *iuaU' 
t dy to induce u ra])id evaiuisw'nce. 

(S. L.) 

Harking Ink. (//) l*duo.—Mix a 

RufTioient quantity of ultrainarino with 

barytas (sulphate oi barium, 

and water to produce the desired 


tint. It may be rendered more 
jiennaneiit by adding some liquid glue 
(^^dution of glue in acetic acid) or 
siiiue starch j»a'.te, ]»roj«iu*d with the 
addition of a little wax. (^Chtm, ami 
Ih'm/.) 

(c) Ihirk 151 ue. —Christian Kiiab, 
iluuchberg, Unvaria, makes ai>lue pre* 
j»aratiou good lor marking trunks and 
b because it rea<lily^ combines with 
wood, clidh, etc., and resist.s tlic action 
of the weather, liis ]>rocess is given 
in tlie lieuts<-hc ludftbtrie Zeitumj as 
follows:—100 Ih. of a oO percent. 
lhii<l extract of logwood are put in a 
Mutable kettle, wuth o qt. alcohol, to 
which 2 lb. hvdroeblorjc acid has 
already been added. Tlie mixttire is 
ki'pt at R and w'cll stirred until 
thoroiiglily mixed. Ne.\t he dis.^olves 
lo Ih. (yellow) cbroiiiate of }>ntassiinn 
! in :10 Ih, boiling water, and adds to it 
I 2 o Th. of hydrochlonc acid, stirring 
Well, and when it lias I’ooled to 80*^ F., 
stirs it\cry slowly into the mixture 
already in tin* kettle. The whole is 
then w.irmcil to about 185® F. The 
mass, which then becomes an extract, 
is stirred a short lime limgcr, and to it 
IS ailded ;»0 Ih. de.xtrine mixed with 
^ llo II). fine white earth (terra alba), 
anil well stirred llirough. The mass, 
when taken from the kettle, is put into 
a null where it is thoroughly worked 
together. It is lastly put into tin 
1 bose>, and left standing a long time to 
1 dry out. 


(on) Vdne. 


Silver nitrato 

4 cram. 

Liq. ammonia 

.. ' » 

Sodium earbonato 

.. 4 

Powdered guni-ai: 

ihic.. (J 

I'ujvvic sulphate , 

. .. 20 

Histilled water 

.. li> 

Ib^solvc the silver 

N'llt in the ammo- 


Ilia, umi the soda, gum, and co}ipersaIt 
in the distilled wuitev, and mix the two 


solutions. ( Uorvauil.) 

(W)) For marking hales. 

Shellac . 2 ox, 

Uorax . 2 „ 

Water .25 „ 

Gum-arabic . 2 „ 

Veaetluu red, sufficient to colour. 
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Jiuil tile Inirax auil sliellar in tlie wafer 
iinfil they are disMilveil, adil llie ^iini- 
araljic, and witlidiaw fVnin tlie lire. 
W'hen the soIntic'M lias hi'eonh* cold, j 
c(nnplete ‘J.** 07.. ^\ith ■w:if('r ami ailil 
^’enetian red enough to hrinij il to .1 
sintaldi* consi-'tencv and ci>Ioiir. This 
ink inii'st hr prrser>i'd in a gl-ihs <jr 
eartlnmw.irr vesstd. 

Printing Ink. r.l.ick (j), Kroin 
S^pent (’otfoii Waste.--The utilisation 
of waste jiroducfs, whicli has inaiiesiidi 
gv(‘at jd’ogre.ss during Liu* la^t t\w» 
dt‘cajles, ha< exjx'rieiiciMl a furtiirr dr- 
Vidojinieiit ill a de])artnjrht in whii.h 
we are ninre especiallv interested. We 
relVr to the process of (\ T. Itastand, 
Kiley Stn*et, Hermondsf^y^ L unhui, 
hy means of ^^hich spent efpllipii waste is 
made to yield up all tlie oil ami greasy 
matter cMUitaiiied in it, tin* latter being 
suhs(M[nently converted into that useful 
agent of civilisation, printers' ink. 
Cotttni wa^te, as our readers are awaie, 
is used to clean machinery (pf all dp*- 
seriptions, When spent—tfiat i-i to 
say, Used uji—it is full of refuse ml and 
grease. liit.herto, it has iieeii the 
]H‘actieeto hoil the spent eotton waste 
ill a Milutiim of eau.stie s(Mla. h\ wltip h 


d'he far more valuable prinluct ob¬ 
tained, the oil, is run from the 
seefpml cylinder 'into tanks, pumped 
thenee intipa copper heated by a small 
poi table fnrnaee, ruiining mi wiieels, 
and *(Vet'd from all iiupisture. it is 
tlieii pumped iiitip a secoinl copjKW, 

I where il convertepl into tlic \arnish 
frmn winch ]priuling mk is made. 
Wln*n the varnish lias been brmight 
I down to IIn j»r(p)per consistency, tlie 
furnace is withdrawn, an 1 the varuisli 
is taken to the mi\iiig-house, w'hcre it 
is im*m’porat<*d with the necessary pig- 
1 meiits and other ingredients necessary 
I 1u produce the various shades and 
! (jiialitip'sipf jirinting ink. When mixed, 

I the crude ink is ground in a Fiencli 
! huhr.siom; mill, and, afti*!' grinding, de¬ 
livered into a macliine, in which it is 
jpassed between rollers a number of 
tim*‘s, according to the ipixlity of ink 
r(x|uired. To ohtaiu the lampblack 
used in the m.iiiufacture of jprinting ink, 
a pipidiou of tin* rep'overeil ml is uscil; 
and thus what was formerly wasted is 
convened into the rm*<liuin wlih li enters 
.Ml largely into tlie dilfusitni of know¬ 
ledge. (ChiiuthcrH It Jl.) 

Stamping Inkf/i). Indeliliie.—K. 


]irocess all the grease is evtractepl, to | Johanson, St. IVter.sburg, gives the 
wa.sh it, and mix it with new wasti*, | forniula for a cipiivenicnt ink fur mark- 
when it is again placed Ujiontlie mar- ! ing cltpfhing by means of a stamp: 
ket. The oils and grease are allowed 22 parts carbonate of soda are dis- 


to run to waste. 

liastaml jiroceod.s in a very different 
and at the same time highly rcnuinera- 
tivG manner.^’ He )place.s tlie .sjieiit 


solved in 85 )>arts glycerine, and tri¬ 
turated with tiO parts gum-arahic. In 
a small flask are ilissolved 11 parts 
nitrate of silver in 20 parts ollicinal 


cotton waste in a closed eylindiT heatedw'ater of ammonia. Tlie t#vo solutions 
by .steam by means of an interippi* coil, are then miAod and boated to boiling. 


He then pumps a scdutioii (pf bisulphide After the liipiid has acquired a dark 


of carbon into tlie cylinder containing 
tlie waste, upon whicli the chemical 
nets, separating tlie oil and grease. In 
their combined state, tlie bisulphide 
solution and oil are then run by him 
into another steam heiited cylindi*!*. 
Here the bisulphide becomes vaporised, 
uiwf'pnsses thence to coinleusers, and is 
finally run into u store tank, to be used 
over and over again, the loss of hi- 
sulphid(^ being almost imjx»rceptible. 
The cotton waste freed from oil is 
washeil, dried, and sold again. 


colour, 10 j.arts Venetian tur)>eniine 
are stirred into it. Tlie (tuautity of 
gljcerine may Ijo varitsHo suit the 
size of the letter^. After stamping, 
expose to the sun or apply a hot iron. 
{P/iarm, Jicc,) 

(i) Polygraphic. — (1) 10 parts 

“Violet de Paris,” 30 parts water 
(Lebaigue). (2) 1 part “Violut de 
Paris,*' 7 ]»arts water, 1 part alcohol 
(Kwayssor and Husak). (3) 2 parts 
acetate of rosaniiim?, parts^’water, 
1 paii alcohol (Kwaysser and Uubok). 
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'J’he iu'st two ]»ro(]iU’o a vjolft, the last 
a red eojiy. 

(4’) All endorsing ink, whi<‘h dors not 
dry quickly on the pa-1, and is quickly 
taken by tlie j^ajier, can lie obtained by 
the 1b]li»\\ing recipe : Aniliu cohtur in 
stdiil lonn (blue, red, I'wc.), Ib^p.irts; 
HO parts bidling di>tilled waliT, 7 parts 
eiyt'criue, and i5 parts syrn)). The 
cohmr is ilissolved in hot water, and 
Ibe other inijri'dients are iuhle<l whilst 
agitating. This tndoising ink is said 
to obtain its gitod ((uality by the addi¬ 
tion oi'tiie syrup. (^^7*. 

Miscellaneous.— In/i J'mnicr ,^— 


will become Idack iintnediatelv, tVmn 
tlie formation of tlie black sulphide of 
iron. Of course this means of restora¬ 
tion is not applicable with aniline ink'i. 

M, C/ir/Hs) 

J\ih AV-u.w.—A good ink eraser is 
thus mad<‘ : Take 1 Jb. (’hbn*id<‘ of 
lime, thcroughl} |iul\eriscil, and 4 ql. 
soft water. The above must Ite 
! thoroughly shaken wlnn first put 
j toiTother. It i'. rcqnin*d to stand 
; hours to dissohe the chloride of 
lime; llu'n strain through a cotton 
cloth, alter wiiuh atM a Icasj ocaifnl ot‘ 
. acetic acid to e\erv ounce (d’ the 


Kinely-jK»wdered nut-galls 10 oz., snl- 
jdiale of zinc (jiowdered) « oz., suljthate 
oi‘ 13 on (powdeieil) 4 oz., gum-arahic 
(powalered) 1 oz.; 1 oz. of tins ^Htwder 
w lu'u tinely siftetl, adiied to about J ]tint 
o; w'ater ami well shaken, will loim a 
good ink. 

7 -If a forgi r has nsetl a 

<!iirerent ink to that used by tlie original 
w liter of ilie document, his error <'un 
be iiuule manliest in tlu* bdlowing 
imniner : — (ict 0 .\-oz. f>r 1-oz. \ials, 
and liJl .separate!) witli (1) dilute snl- 
jj^iirit; aci<i; (2) cauiceiHrated muriatic 
acjti; (o) dilut<‘ nitric arid; (4) solu- 
tu>n of siiljihnrtms acid: (o) .solution 
of caustic soda; (ti) concentrate*! sidu- 
tion of oxalic acid; (7) sidntioii of 
chloride of lime; (H) solution of tin rvy- 
staks ; (!)) s^dntion of phoLo-chloride of 
tin. Take nine ipull pens, each one for 
its particular reagent. Now, with a 
rule, draw lines crossing original and 
suspected portions; the <iilferencc w'ill 
show itstJf at a glance. {Chnn, /A r.y 

7h Render Ink TVuterjuroo/.—If the 
ink i»pre])ared with a <-ertain ]in»por- 
tiou of gelatine, the addition of a little, 
bichioniate of pota.sh, followed by ex¬ 
posure to •sunlight, has been recom¬ 
mended for rendering the ink so in¬ 
soluble in water that it null not run or 
spread when water-(;olours are u.seJ for 
simding th^ sides of the lines. 

To Faded Ink. —In order to 

restore faded ink all that is necessary is 
to ipoisten the jiaper with water and 
bnwh over the writing with a solution 
of sulphid/^ of luiiinuniuin. The ink 


chloride of lime wat<‘r. 'fhe eraser is 
used by reversing tlie penludder in(«j 
llie tluid, aiid u]qdying it, witliout 
, 3’uhbing, to the Avurd, figure, or blot 
! rcipiiivd to be erased. Wln-n the ink 
I has dlsn]>poared, alrsorh the tluid with a 
: blotter, and the jiaper is immeiliately 
rta«lv to write u]«in ngain. (’j)h»ride 
I of lime has before been u.se<l with acids 
j for tlie jmrpusc as above joaqiosed ; but 
j in all previ(»us ^U’oeesses the chhuitle i»f 
' lime has been mixed witli acids that 
bum and dc-diH-v tlie ]iajMr. 

I of Jliott hboj np<tn H'r//- 

i hi] luL.—li is well known that *»rdinar) 
writing is easily rcmiiAed wlien it is 
acted njioii by bleaching agents. Ad- 
Aaiilage is taken of this tact bv nn- 
.S(‘rnj»u!ons persons dcsirou.s of altei'ing 
documents, cheques, and banknotes ft r 
improjier pur^msos. Heiu^e the number 
ot‘ fugitive inks am! siqqiosed untam- 
perable jiajiers in use to meet this 
ditlicnlty, ^ 

A curious and interesting case ot 
sujtposed fraud came under my notice 
j in the form of a document which was 
written upon the ilyleaf or second pag 
of a sheet, of legal paper, the margin of 
the first page containing thestamj), date, 
and Avatennark «f u will purporting to 
have been written about 20 years ago, 
Tim document or Avill AA’as thus written 
upon }>nper bearing b(4h oii stamji and 
in Avatermnrk a date which ga^ it the 
semblance of age. The appearan<‘e of 
the document gaA'e rise to suspicion, 
and I was asked if it Avas possible to 
tell the age of the writing, and if tJie 
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\vritiai; hral Iwm'U nt t»n*» 

and Uio same Innr, and if so at \vi»it 
linn*. 

This was of ronrse, imjHissihlc, ns I 
was lU't allowed to treat IIkmIjm iiiijeiit 
itself. I h.nl, therefore, to make v\~ 
jjeriineiits iijioii \\ ritinn,'! the dates ot 
whieh I knew. 

I st‘le<‘tt*l wriliiii^ 1 day, fJ inoutlis, 
}'l nioiitiiN, '2 years, 0 years, l-t years, 
and 22 years <ild. nrnl e.\|»osed tlu'se 
writiii'^s to tlie aetimi of a \erv dilute 
.s»»lutiou of ordinary hleaciiint' i^owder 
in water. The speeilie j^ravity was 
alnuit I'Oitl. Jn t> minutes tiie iiewlv 
written iintter had »lisap|ii'ared ; in 
t> 12 minutes the wntiu'.^ <»f (i months 
U'^o had disa]ijKaia.sl ; in 20 iniuufes 
live wntm:; of 2 y<‘.irs had partly dis- 
ajipeai’o.l ; in a like time tiic writing of 
tJ years uljo was not mre.itly alfeeted ; 
11 year-s a^e \<‘ry sh*.;htlv ; and 22 
\ears hardly alleeted at ail (indeed, tdd 
w iitin '4 seems hardly alleeted hy suedi a 
weak Solution, i-veu after hours’ ev- 
pti.sure). 

J’eru\ide of livdn);£eii aef.s mon* 

• ^ 

slowly, but i,nvLs more deiimte re^uitv*. 
Otiier reai^ents ‘(ive elVeets wlueh lielp 
(aI(hoii;;li soiiu'lirnes in a eoiitrarv 
manner to tliat I liave iiidioate<l) to 
('staldish the iaet that oriliiiary wriLiin^ 
ink, w liieh is a eompouiid of gallic unci 
tannie aeids with pioto-salts of iron, 
beciimes more stable (pre>nmal)Iy by 
o\idalion), and eonsef)Uently is less or 
more alleeted }>)' eheinic’nls whit’h net 
nj»oii tlio or^anie (’oit^rine: matter oflbe 
ink. There aiay^reat \arietie. i»f wiit- 
in^ inks, (diromiurn aiul Aanadiuni 
salts beintj sonietinie.s substituted for 
ttie iron salts. T]M*re are also bla< k 
and eolured inks prepared fjotn eoal 
tar dyes ; but thinking it hiu^hly im- 
prolialde tJiat any documents intended 
for preservation would be e\e< nted in 
siieh evaneseetit inks, 1 did not in vest i- 
t;ate ilnnr bidiaviour under such treat- 
nuMit. When ink is thus bleae.hcti ^ir 
ap]iaui;;>tly removed, most of tlie iron 
oontained in tlic e.ompouud remains 
mordanted with tiie fibres of the pap«r ; 
e4>nse(|uent,ly, w'ritiiiir so tamjiered w ith 
or dealt with can be restored by the 


a]>])]icativui id* gallic or tannic acul. 
'file wjitiny is thus rcju'oduecd almost 
in Its original de)>th of ooi*>r. It is 
deln'atc work (e^per-ially in the civil 
le^al aspect of the ease to whieli I have 
releir(*d) to determine in a reliable 
manner the a^e of unv particular 
writini;, ainl it is necessary that the 
follow ino ]»rt rautions be carefuily ob- 
seiw ed : 

I The inks must be those know'u a.s 
ordinary writiuo inks, proparetl from 
iron and ehromiuiu salts and ^alks. 

2. Writ in*; dried bv means of blot- 
tin ;4 paper is naturally more easily 
renupveil than writiiii; w'liieh is allowed 
lo <irv on tile surface td’ the jmjier; 
.md liLjht writini^ is somewhat more 
easily rcMnoved than eoarMi and heavy 

wrilino. 

2). 'flic idteiehim; solution must be 
ewei'tlinuly dilute, otlierw ise the action 
i> so ra)u<* and powerful tli'it both old 
ami iM‘w writirii;s are removed almost 
Miniiltam^onsly. 

4. TJie action must be carefully 
w atelied, so as not to be too long con¬ 
tinued. La^'tlv, ^erv old w’ritiuif which 
h.is In'coine hruvn i>y a^o, altlmuglp it 
re.'iists the a'dioii of wi'ak solutions of 
hh-aching ])(nvder and peroxide of 
Indrogeii, will show* signs of giving 
way almost uistautly when acted upon 
by dilute nitric, liydrorliloric, and 
oxalic acids. 

Althomjli I have only made nse of a 

tf 

well-known proc'ess ainl materials to 
obtain the results 1 have indicateil, still 
J think such a .simple means oi'defeo 
ition may act as a check i<i frauds which 
are heeoiniiig onlv too common, Tliore 
was a mo.st iuterostiiig pappr read 
before the Literary and Philosophical 
Society of Manchester, in the session of 
IST'd and IHHU, by Air. \y. Thomson, 
K.fbS.K., which I Commend to the study 
ol‘ any one wi.shful \o carry this in- 
\c^tigation fiirtiicr than I liavu been 
able to lio. In it the vuthor gives 
many curious and interesting fa<*ts in 
<*onneetitni with the behaviour of writing 
inks under tin* intJuences of vnriou» 
chemical compounds, (U. Irvine.) 
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Lacquers, (i. t-j-to ; iii. .'ion-n;’.5.) 

Bottle.— Blaek Lac4|iior ii>r Coating 
liotlles.—Bottlos, or othor frlji^s ^ 
witidt it i.s dfsireil t« inaki' iinjHTvi^ms 
to may b<^ co:,tL*(l arcording to 

Ford. Siiuaiid, with a black lanpiov 
]trepared in the hdinwiiig inaniu*]'. 
K<[iial ] arts of asplnilt and of boilod 
iinso<<d“t>il arc heated fm one )u»ur, oAcr 
a naked lire to about F.) ; 

then a Kufliciout (|uuiitity ofJainp-hlack, 
previously triturated u ith oil of li»r]icn- 
tJMc, is added, t«i make a mixture, ulm h, 
when mixed with its volume td’oil 
4d‘tnrjjentine, will cover well. Usuailv, 
one coat is sullicieiit; in speeial eases, 
two e4>ats may he reqninsi. Sometimes 
it i.s desirable to be able to see the 
height at which the lit|uid in tlie hotth* 
is staiuling. 'J'hisnmy he ai coniplislied, 
aeeordingjto the authm*, hy lea\ing a 
rmall roiiiol .spot on i»ppc»Mif sides un- 
<‘oated. The ladtom of the bottle is 
likewise left unvarnished. It wuul<l I. 
better to leave a very narrow vertical 
streak, mi the side of the bottle usually 
tiwned towards tiio wall, uncoated. 
Tliis w<»uld more readily pe mit a.scer- 
tamiiig at wliat level the lit aid stands, 
(New Iteinedies.) 

Brass.— (lb) When jtnq rly lac¬ 
quered, brass work \ retain its 
colour, anti resist the action of tin- 
atmosjihere for a long lime ; hence the 
necessity of ahva\s Inctiuering work 
w hich shouhl retain a gootl appearance. 
Tile process is rather ditlicult to execute 
I^rojicrly, jpspecially on large, surfaces.^ 
W'licre the tyni will thul the lacquer 
ctuitinujiUy getting a smeary look, 
JWfort* apjdying the laci{ner, the hrass 
niu.st be heated to a certain degree, aiul 
the ditlleult^'^ is to know the exact 
degree best suited to the partiiuilar 
lactjuerH and maferials used, ami the 
etiect to be produced; this kiml of 
knowledge osunot he attained but by 

nv .... 1^ .... 1 X P -I 1* . I 

i.ne siinaces oi your woriv oy 
means of filing, Ac., another plan, far 
easier and equally elh'ctive, though n ‘ 
prodfuing sifth ^'^rkmaulike job, 


the ftdlowing : —Tut the luass woik, 
having prt'vioii.'sl^^ taken it to ])icct‘s ms 
much as pos.vible, into pickle m-'idc of 
nitric aent ami wafer; this will oat 
away tlie outer coat, nil the corrt*sion, 
aiul all laetjuer, leaving a surface of 
pure hra&s. The time retjuired to 'fleet 
this and the ^tH‘ngt]l of the }iickU* can 
be .MHiii ascertained by trial. Tiie work 
must be carried on ju the (qien air, as 
the fumes given off aie very biiiietul to 
health. Thi-ronghlv W’a-h tiie avtieh-s 
to renuive all traces of acid, and tlioii 
ilry them in lud sawdust; they will 
then he ready for laetpuTiijg, Fse a 
camel-liair brush t*) lay the]a<'quer 
with, heat tiie aiticle.s a.s hot as may l^e 
lield ill tlie iiand ; be careful not to 
toucli the Ijright Mirflu'c with anvtiling 
that will stain it, aial lay oii the lacquer 
as tliinly as possible tti ]iro\ent smears. 
If the woik is too Ind it will burn the 
lac(jucr, and if t<to cold tliis will not sot 
bard. Small thiti articles )»art with a 
large piaqxn'liou of their heat in laying 
on the l;u'quer, but bulk) woik is ctim- 
jiaratively unairoctetl; so small articles 
must be ma<lc somewhat hotter than 
large bchtre lac<|uering. Only ex- 
periemo will eiuihic you to judge 
ci>rreetlv. 

(lb) Lactjuer is so called because it 
usually contains gum lac, either shellac 
or seed lac. Seed lac is the original 
form of the gum or resin; after la'ing 
purilitNl it is inouhled into thin sheets, 
like shell, and hence is called slielbic. 
i^hellac is frequently bleachcxl st> as to 
become quite white, i|i wliich state it 
forms a cobmrless solution. Blcar-hed 
sludlac is never as strong as the gum in 
its natural cotiditlon, and unless it be 
fre.sli it neither dissolves well in alcohol 
nor does it jireserve any metal to which 
it may be apjdied. There are many 
recipes for good bmquer, but the 
success of the operat(»r depends ijuite as 
much upon skill as upon tlie particular 
recijie employed. TJie metal must he 
cleaned jierfectly from grease aUti dirt, 
and in lacquering new work it is always 
best to lacquer as soon after polishing as 
jiossible. Old lac’quer may bo renmved 
w'ith a strong lye of potash or smin, 
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after wind* the work should be well , 
wuslu'd in water, dried in Ihn; beech ‘O* 
boAwood sawdust, and jHdi>hed with ' 
whitinLC applied with a Mjl’t brusli. | 
The njiiditiun of the work, as to cleaiili- | 
lU’ss and J)^)l^^h, is jK-rhaps the most 
important point in The j 

inetai should be healed ainl the lac(juer ' 
apjdieil e\euly w’lth a soft »‘auiel-liair , 
bnisli. A teuij’evalure of about that of 
boilin'^ water will be fbuud ri^ht. Tlie 
solution of lac or \arnish is e(dored to 
suit the refpiirtMiients or taste i>f the 
User. 

(17) A oooJ pah; ]ae<[uer csnisists of 
15 jtarts I'ajie alix-s and 1 of turnierie to 
1 simple iui* vamisii. A full yellow' 
contains 4 tuniK'iie and I aunatto to 
1 lac varnish, A;:^(ddlac<iuer,4dra<^oirs- 
blood and I tunnerit* to I lac varnish, 
A red, parts annatto and 8drao;onV 
biiiod to 1 lue Aarnish. A great deal 
deptuids, also, upon tlie deptli of color 
imparted 1u the la< <iu<‘r, and as this may 
re<[iiire to be ^a^ied, a \ery g<ioil jdan is 
to make up a small stoc k Iinttli', lioldimj;, 
sav, \ ]*in1, a<’ci>rding to any guo.l 
recip(‘, and all as mm li of it to tlie 
vai’uish U'i may be rejjnired fi>r the 
desired tint. 

(IS) Ueep tiold Laeijuer,—Ah ohol, 
J pint; dra' 4 on*S'hhjod, 1 dr.; seed lae, 

ox.; turmeric, I oz. Shake up W'elj 
for a week, at intervals of, .say, a couple 
of hours; then allow' to sidtle, and 
decant the clear laecjucr ; and if at all 
dirty tllter thrmi^li a tui't of cotl<»ii 
\vo(d. This lac(|uer may he dilut<*d 
with a simiilc •’solution of sliellac. in 
alcohol, and will then give a paler tint. 

(Ill) IJnght (lold l,jic(iuer. — (r<) 
Turmeric, 1 ox.; salfron ^ oz.; Spanish 
annatto,} r»z.; alcohu] 1 jdnt. Digest 
at a gentle heat for several days; strain 
through coarse linen; put the tincture 
in a bottle and U oz. good seed Jai: 
coarsely p(»wdercd. Let it stand for 
Several days, shaking occasionally. 
Alhgy^to settle, and use the clear liquid. 

(!}) 1 oz, annutto and 8 ox, alcohol; 
mix ju a bottle by thcniselvcs. Also 
mix separately 1 oz, gamboge and 8 oz. 
alcohol. With these mixtures color 
beed lac vandsii to suit yourself. If it 


be loo red, add gamboge ; if too yellow, 
atld annatto; if tlu* color be too deep, 
add spirit. In this iiiaiuier you may 
colour bra-^s of any desired lint. 

rub' riold" Lacquer.—Ih'st pale 
shellae (picked jiicces), H oz. ; saiidara*', 

1! oz.; turmeric, S oz.; annatto, ‘Jo/.; 
dragon^-bljMid, } o/. ; alcolml, 1 gal. 
Mix, '*hake fr<'(|uently till flu* gums are 
^H^sitlvt'd and tlie color extracted from 
the I idoui ing matters, and then allow’ to 
settle. 

(Jl) 4 oz. sheihu* and ]■ oz. gainhogc 
aio di-'Nolvcd hy agitation, witlmut heat, 
ill J4 oz. jjiire pvro-acetic etlier. 'fhe 
solution is allowi'd to stand until the 
gummy matter.s, not taken up by tlic 
spirit, subsiiie. Tlie elcar liquor is then 
decantc'l, and when requireil for u.sc is 
mixed with S lime-, its quantity of 
alcohol. Ill this ('.ase the j»yro-ai-etic 
ether is emphwe<| for dissolving the 
shellac in order to prevent f.ny but the 
purely resinous poitituis hfdiig taken u]i, 
whif:h is almost certain to occur w'itli 
ordinary alcolml ; hut if the Ia<'ijuer 
were maile entirely witli jiyro-acctic 
ether, the latter wouhl evaporate too 
rajiidlv to allow fiim* for thelaci|ue.‘ to 
he equally applLcil. (\V(»rksluq> tlom- 
]ian]on.) 

Gold Lacquers.--{h) An imi- 
tutitui (»f (^hinesi; golil lacquer may he 
prepared hy melting J ]iarts eojial and 1 
shellac until tlioroiighly mixed, and 
adiJing 2 parts hot boiled oil. Then 
remove from the tire and gradually 
add It) jiarts oil of turpentine. To 
<*o)our, add gum gutta for yellow and 
dragon's-blood for red, d'.s.solved in 
turpentine. 

(1(1) Substitute for Gold Itronze.— 
According to tlie experiments of Dr. Ik 
W. (Jerland, mefavaiiadic acid may he 
used in the pre])aratioii o‘' a substitute 
for genuine gold byrnize. If a (M)hition 
of sulphate of copper and sal ammoniac 
is mixed with vanadiate of ammonia and 
cautiously heated, there' is obtained a 
eom])nund of a sjdendid gold colour, 
xvhich is deposited from the liquid in 
the form of gold-cohnireci spangle*^. 
These readily admii of being gro^ind U}> 
with gum and vaOiislics, cover well, do 
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n<*t on exjKisiiro to tlio air, and < ilio c»)nntry, throngliont almost all 

aro in every i^‘si) 0 ct equal to j^old i latitude'^, e.f/., at Dewa, Aizii, Hiro- 
brtuize. j shinia, aiul in many about Tokio; 

Iron and Steel Lacquers. — I the urnshi, however, is obtained at 


(r») A new ]>n‘^ervativo (»r iron and 
sieid lilts been buind in a nuidiiu^it ion of 
till* Weii-kuown .laI^au(*^e tc*nu lacquer. 
Alter many experiments, tlie preparat lou 
lias b<‘en linally adojdetl for the inijierial 
JapaneM* navy. Theie isa eei tam dilb-r- 
eiire between the ciuupoiind^ pvejaied 
lur painting iron and steel aiel the 
onlinai'y lacquer eni|doyed fur wood, 
liut its pniui}»al olcinent is still the 
i'um lacquer. The itivuiitor of the new 
loinposition had guat (h^lcLl1t^ in 
eoiiquering tile teiuleucy of tliis mat(‘rial 
to get very hard and then toeraek, luit, ■ 
aecording to the rejiorts, be lia> 
snccveded at hist. Experience has 
shown that a ship ]trolected with this 
variety <i^'lacquer lias heen able to keep 
alioat ill tropical seas for .*• years — 
i^'idiig into diy dock only once instead of 
b times during that time, as nsiiah A 
sill]) of the Knssian racilic stpiadi on has 
tried the new coating, and tlie result lia-^ 
bj^n Very sati^fii'tory. It miise- 
quently tliotiglit tliat at la-'l a toleiaby 
perliut aiiti-eorrosive coating for iron 


Yosliino. The tree is very suiular in 
aspect tti the ordinal}' wax-tree, and 
attains tlu* In.iglit of tl-lli ft, I'n'cs 
about 15 years rdv! xic'bl tbo largest 
amount of tin* juite. Two sorts of tin* 
juice are generally obtained Irom a tree, 
anil by ihllerent pn cesses. They are 
distinguished as ordinary **ki-uiuslu” 
and seshime-urushi.” 

Ki-uiiishi (or raw lacijiuu') is the 
better of the two, and is ndlected best 
in June by making shallow cuttings in 
tlie stem ofllie tree, when it e.wides as 
dmjis from between tlie outer and inner 
I'arks. A single tree yields on an 
average aljout liA graiunics of this kind 
of juice. r>r:uu-hes and twigs of the 
tree, some of which arc usually cut 
down each year, when steejieil in water 
for some Timuths and aiterward.s wanned 
in the tire, give out an inferior kind *d* 
jui<*e ; tins is seslnnic-urushi, whieh is 
used a< uiuler varnish alter being luixeil 
with some drying oil. 

Tile juice i.s never sent to market in 
the form in wliieli it comes from the 


aiiil steel structures has heen discovered, 
which may reniler substantial service in 
the pei’servation of all descrijitious of 
erections in these inat(*rials. The lirst 


tree, but is usually mixed with more or 

less of what is c:ilh‘ii ‘Miiokuviki” 

•* 

(liti*rally wood-juice), c.//., what is 
ordiiiaiily called Voshiuo, Urushi con- 


cost of tlie prejiuration is rather high, sists of bt) per cent, of the genuine juice 
but it is claimed that the excess of cost with 40 per cent, of mokuyiki, while 
is more than compensated by the pro- the inferior quality contains as much as 
teetion obtaincil, h’or ship Use it is also 70 ])er cent, of theJatter substance, 
asserted J hat great advantage accni'-s Further, in the hands of varnish makers, 
from the iiigh ])olish which this lacquer | some quantity of linseed oil is generally 
retain^ while the coating remains 1 added to the already nu.\ed juice, w'hich, 
IHM'fcci, but, on the other hand, fears | if excess is avoided, does not much iiu- 
nre expressed that the supply of gum pair the drying power of uriishi. 
lacquer wiy he unequal to the demami. Diderent colours arc imparted to 
it tlie. requirements for tiiese engineer- urushi liy the addition ofboiiy pigments, 
ing purposes ar^ added to the regular such as lani}>-bhuk, vermilion, indigo, 
consumption of the article for orna- orpiment, &c.; thus red lacquer is pre- 
mental joiuiiry and cabinet work. (*Vi. ])ared w ith 2k) parts of linseed oil, 70 
Am,) parts of urusbi juice, aud n^iut 10 

Japanese Lacquer (Urushi). parts of x'cnnilion, etc. Such is a 
—Urushi is the milky .secretion of rough yet general account of the ox- 

vmCictfera^ and is the material for the traction and preparation of urushi juice 
weH-knowif Japanese lacquer varnibh, for varnish-making. The pure and 
Ihe tree is cultivaS^I in many parts of unaltered urushi is n thick gi-eyish 
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i\u\(\ of doxtrjuoM'; <--ni■\>hi4‘h 
iiii<k*r tliL* iiii( ros4'ii]ii’ is kunid t»> (’onsKst 
of numito H'Mii" (if darker, 

tlu! of H'^liter 04d-)iir, jnixtnl with 

siiinll |*artiiloi of o|».h|iR‘ in*ouiii^h 
in.-ittor, tin.* u'hide hein^ Judd inixeil iii 
tilt.' form of iiitiMi.itr (‘imil'.iuu. It has 
a char.u-tin'islic sweetish oduiir, ainl 
speeiilc gravity (’Jt/'i'); simie 

NpiM'iiiicns, ^>ucii as that (dttanied Iroin 
Ilufhioji, contained a i^o.id deal t>fl)(ik 
tiust and other iin))nnlies, wiiicli raisi' 
Us s|n ■ ' 1 Ml; 

lie ji'ice he exjuisei to moist .iir in a 
tliiu layer at aluiut 'dn (k, it r.ijtidiy 
tlarkens in colour and slides ii{> to a 
lustrous tJMiislm-ent \arnis;i. It coii- 
taiiis a small ijuaiititv of vohUile poiMUi, 
which acts teirildv on sonn* j^ersous, 
]ii(Mluring a verv disa^ireealde itelihii;, 

A ]»eculi:ir acid, wliich I now* 4 mII 
urusliic acid, i'j the main constituent of 
tlu‘ <»nginal juice, a-, well as of the 
jxirtion .scduhle in alcolnd. The juieo 
also 4‘ontains a very ssiii ill <|iMiitUy id'.i 
vtdatile judsonuu-, holy, wdinh als 
j»asses into alcoholic solution, heim^ 
almost coin|)lct» Iv driven out durini^ 
the (irvinir of the acid at luj'* llif <*. 
It is a [»asty suhst ime cd'somewhat 
dark 4*olour, liavine tli»i char.u teristn* 
smell of the original juice, readilv 
soluble in benzene, ether, carhon hi.sul- 
jtiiide, less iMsily in fusel oil and 
petroleum of higli-hoiliug point, com¬ 
pletely iusoluhle in water. Its sjieiaiiu 
gia\ity taken at (\is u 

reuumis unchangiMl at (*,, and 

ahove 'dt)U^ (\ (fe coriipon‘s slowly with 
carhoiiisalioii. ICxposed to the air, it 
iH'itlier ilries up, nor shows any sign cd’ 
4 hring>t as the original juice doe^, an<l in 
other respecfc'i it is a very stable horiv. 
From tlie alcoholic s(»lution of the acid 
many inetaiiir; salts can be ]>rodin‘ed, 
most of which :ue slightly siduhle in 
alndio), but a)m4)st iasohible in wat(U‘. 

tbiiii is another normal ('(tastitinnit 
of urusbi, and fonn-> d -8 per cent, of 
tile onjjinal 

As gum is iusoluble in alcohol, it is 
convenbuitly s«‘purat'*d by treating tliat 
portion of the original juice insoluble in 
alcoiio! with boiling water, filtering, 


and liiially oviijiorating the aqueous 
solution of gum over the water-buth 
till the weight of the sul>st:iur(' remains 
oiistant. in tins way a triable light- 
cidoiiri’d substance is obtained, tasteless 
and inodorous; this is the anhydrous 
gum. ^ 

A mixture of gum .and arushio acid 
(and with water) in the projiortion in 
which tiiey exist in the juice, iloes not 
undergo any cliaiige whatever, even 
when expu.sed to tlie condition most 
able ■ the dr ftiielaquoi 
Mitn*o\er, part of tin; gum can be 
esti.icted ill all unchanged state from 
trie jinte ]K‘rh*etly ‘lrie<l hicfjuer; and 
Slice i! exists in the original juice in 
tile torm (d’a'iucous stdution, it probably 

serves to keej) the eoustitvuuits of the 

juice in a state of unifonn distribution 

and iiitiinate emulsion. it inav also 

¥ 

a« t as a binding material, and a.ssist 
tlu* adhenng power of the laci\uer when 
laid njioii any surface. 

'I'lie re^ult^, so far arrived at, may be 
'^iimiiifi up ui the tollowing state¬ 
ment ; — 

Uruthi juice (la'-qucr) consists essen¬ 
tially of fo'T substances, viz., unistiic 
acid, gum, water, and a peeulia’' dias- 
l.itic matter; and the })benome»on of 
Its drying is ilue to the oxidation of 
uruhhic acid, into iixyuriishic 

acid, w'hicli takes place by the 

aid of diastase in the presence of oxygen 
and moisture. (U. yoshida.) 

Japanning and Japans. 0/) 

MrtiiL —This is siTnjdy the jirocess of 
laying a coating of varnish, an«l after¬ 
wards drviijg bv artificial ]?eat. This 
secMTel ojieration, the luiking, is the 
essential part in japanning. The art 
was originated in .bipan, whence we 
liave derived the name, Manv examples 
of japanning on ]iapier-miil'iid may be 
seen at faimy repositcries where various 
4(rnanu'iital nickriaek.s imjxirted from 
Japan are on sale. In nmkjiig this ware 
the Japanese ein)doy a lacquer which 
exudes from an indigenous tree. Sue- 
<'e!>sivo eoats are laid on, each one being 
thoroughly dried in the sun before tlie 
application of another. 'VhuH a ^hick 
hard coating is i-^^ade, wliich may be 
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siTioollu'»l :ui‘l 1>y abrjiMvo ' 

iiiatrriuls, the natural lustre 

sufiiecs for general requirements. (Jilil- ' 
ins and other ornamentation is tljcn • 
made to adhere by nieau^i oi‘ hiuled oil. ‘ 
The whole is flnnllv hv a eoat 

of clear varnish. The aliove is a%*ongh 
skelfli i>l' the art ns ja'aetised hv tin* , 
on.rinatt>rs, but we have it* deni with 
nunlern j.ijtauniiig, and ronfine our 
<ibse]'\nt]ons to its n)i]>li( at loLi to metal. 

'fhe jajianmu.s* oven a reeejdaele 
in which the work is w In-n being 

lienled. Usu5il]\ the heat is :ij»}die<l by 
means of external Hues in wlinli hot air 
or steam is cireul.itetl. \)\ this .s\.'>t<iu 
the ti*in|)eratnre may be regulate I to 
great ni<‘ety, the sujqily of iieat being 
controlled bv dampers or stoj>-e()eks. A 
sheet iron box, encased by another of 
llie same shape, but soiiu'what larger jn 
si/e, .so that an interspace of an inch I'l* 
two cMstybetween them, is the most 
simple form i/f o\eii. Heat is aj'plied 
to tin? inters[);u‘e, and tlius an eAeii 
temperature is maintained. A Hue must 
lie j»rovnle(l to carr} »»tT tin* vapours 
wliich ari^e from the Japan. A *I(tor- 
wajit by whirl) to iutrodm-e the artide.-i, 
)»roA*ided wdtli a tolerahly well-tltting 
dooi‘, i.s, of course, essential, llotdv.s or 
w'ire shelves are jtrovided, hy wbicdi 
the work is supported, .so that the lieat 
may take ellect equally all round. 
Moi^ture, dust, and all other extraneous 
matter must be carefully exeduded, so 
that the jajianuing may be kejil per¬ 
fectly clean and i’ree from fondgu siib- 
stauccs. Thermometers are hung lu 
the oven t(i«ndicate the precise degree 
of heat, whi<‘h is regulated as explained 
ah<»ve, ti#suit the requirements of ]iai'- 
tienlar w*ol‘k. 

Metals lequiro no special pre|aratiou 
before layiug«m the Japan. Alter l>eing 
Wroiiglit In tlio || esired shapi*, and 
smoothed as much as may be cousi<lerei| 
advisable, the iirlicle has only to he 
made thorougftly clean to prepni-e it for 
jajianuing. The surface must ho quite 
dry, or the Jjqian will not adhere 
pri»perly. Wood requires to be primed 
and otherwise 
Japffin, that 


to be hud on the undal. is mf.de «if 
sbellac varnish, with which may Im* 
incorporated any ]iigTnenl necessary to 
ju'oduce a desired culfuir. Shellac 
varnish i.s made bv dissolving sliellac m 
alcoliol. A better varnihli for Japanning 
uie bi ‘ ■ sliclla 

h*"/. of eacii. to 1 pint metliylated spirit. 
Any pigimujt may be added to sucli 
'll to form japan tin 
jeqnircil. A few fonnuhe may hr 
nsei’id. I’llack: Mi\ lampblack oi 
i\or\*bla<'k tins latter prcfeVablv - - 
w it h f lie aboM* Miimsli. Another bla<'k : 
Melt lib. aspb.iltum, and im\ wifli tin 
'^ann* quantity of balsam of capivi, tliin 
tlicinixliiie to a w'ojkablc c<uisi.sten« y 
with hot oil of tiirjicntine. Another 
black: Miv lam]>b[;u‘k with oil of 
turpentine, and grind Mnoj)th on a 
mnller, thin tlie mixture with copal 
X arnish. Whiti*: Klakc wiii1»\ or w bite 
lead, ground uji with ’ of its xx eight of 
starch ; this must be thoroughly dried, 
ami inixcil w ith mastic xarnisli. Yellow : 
KIng's Xellow' is Used as tlie pigment, 
but till’ elfeet is con^.iderablv improved 
by tlissidving turmeric in tin* ah'olio] 
before a<l'Iiiig tJi<* shellac to form the 
varnish. Vaiious colour.^ are made 
simjdy bv the ineorjioration of a suit¬ 
able pigment in tin* xarnisli niad<' 
di'scnhed above. 

Tortoi.srslu'Il Ja]'an is oxtrrmelv 
pretty, lunl cotnj»aralively easy to 
manipulate. 'I'he xxork is lirst coated 
with a Japan made by boiling‘i pints 
]njsoe<l oil, to whiih Jib, umber has 
lieen adiied, till it bopoiies thickened ; 
the inixtureih then strained and fui- 
ther boiled till it be<’onu‘s of a jdtiliv 
consistency. This is inix’ed xxilli tur¬ 
pentine to a Workable ciinsi.stoncy and 
tiien applied. On a thorouglilx dry 
coating of this Japan lay a c|nantity i»f 
\ermiljon s]»ots to represent the idenr 
portions <d' the shell, 'fiie xerniilion 
ja]»an is made by aildimr xertniliou to 
shellac X ariiish ; it should he by^d on 
thinl}' and dried. Tlie xvhole sur¬ 
face i.s tiien finally coated xvith a thin 
laver of the above des<Tibed brown 
Ja})aii, Ptill furtJier diluted xx ith tur¬ 
pentine. A long course of stxiving xvill 


^:»rppaiHid for japanning. 

IS the p.xjnt-like material 



u 


LArQUKRS. 


111 ! xipccssnry tiioroiisjlily harden the 
japanning. 

TIir operatiiiu ol'ja]>anning eajisi.sts of ' 
dj'iving oli the Sfilventsol’ the japan at 1 
a high temperature. AVhen the article, I 
coverc'l with a coating of jajian, ic 
]ilaoe<l ill the nveu and snbmitled to a | 
teinperatine of about IhK) F. and even 
more, the .^olvents rjuieklv evajiorate, , 
—^The n‘sidn(‘, a gummy Mibstanee, with j 
whicii is ineorpoiateil the e<deuring ’ 
matter, is kept Inimd hy the heal, an<l , 
in the somi-lejuid ^'tate forins a .smooth ' 
<‘t>ating tilling any sin ill iMCi[n.ilities of 
thesurra(*e. Tlie baking jinn e.ss si'cnres | 
a very linn adlie.sion id the j ipan to the ! 
metal, i'ar .superior to that of ordiiiarv ; 
\anMhh or ]*;unl,. d'he japan is also 
made hard, and conseijuontly biller ; 
able 1(1 roNist wear. Whi'ii one roat ^ 
is driel another is apjdie'l and sub- i 
nutted to tlie art loll of heat. These! 
o)»er.iiions are rejiealed, as may he ' 
deemed necessary, iVimi one to I 
times. Jliiih .siu’ceeding coat of japan ! 
will prcsfuit a mori* uuifovin .nei i 
gla.s^y sniTacc. Tin^uatuial ilow of tlie 
ja}>an genorally sullices to prodm-e a 
good sniootli Mil face, hut in some cases 
a process id’ jiolisliiug is resorted to 
before the ajipHeation of tlie tin'll co.'it. 

The temperature for light-coloured 
japans ninst not be .suflicieiitly high to 
.scor«‘li,or the surface will, of course, be 
ili.scolourerl, Hark japans are usuallv 
dried at a very higli temperature, if the 
artudu is not likely to be injured by 
heat. The tinal coating of japan is 
geueijilly a la|^;or of (dear variii.sb, 
which will add to the lustre of the 
.surface. jh*aeti(‘al expi'rienec! is the 
best, and, indctjil, tlie only guide by 
which proficiency in the art of japan¬ 
ning can he attained. (F. N. llasluek.) 

(A) Wutul.—Ji lacquer of great elas¬ 
ticity, perfectly supple and not liable 
to peel off, is made in the following 
manner:—About lb. oil varnish is 
heated in one vessel, and lb, quick¬ 
lime'ds put into 22 lb, water in 
another. As soon n& the Htiic causes 
an effervescence, 55 lb. melted rubber 
are added. This mixture is stirred, and 
then poured into the vessel of hot 


varui.sh. The wdiolo i.s thou stirred so 
as to be thoroughly mixed, then 
strained and alloxved to cool, wlieu it 
lias the aiq*earance of load. Wlioii re¬ 
quired for use. it is thinned with the 
in*(‘»‘ssarv (juautity of varnish, and ap- 
jdied witlia brush, hot or cold—jire- 
iVrahly tlie former. This lacquer i.s 
Useful fnr wood or iron, and for wnlT ; 
it will also render waterproof cloth, 
jiaper, Arc. 

(/) Wliitc is the Usual type for 
Toiibriiige ware, Arc. TluM'efore the 
giaiu should bi* tilled up with plast* r 
ot r.ui^ and glue size. As a matter of 
course the w ood .should be w bile, sindj 
a.s pine, chc-.tuut, lime, or holly. Aftt»r 
tilling up the grain, well j»aper the 
siirfact*, smootii witli glass paper; iv> 
oil must be used ou any a<;eoiuit. If 
the ajipcaranci* is not satisfactory wdnni 
])apercd down, give another coat of 
glue, size, and tda.sfer of I^'^ris, )>apor 
d'vw'u smooth, then gn c tUc article a 
cr»at of varnisli made as follows: — 
^ 111 . Ilakc wliiic, A gill spirits of tur¬ 
pentine, .] gill sjiint varnish, such as 
white liard varnish or gla/e. (N.B.— 
It must I)«* liorne in mind, as tht3 
(pialit\ of daki' wdiite and tlii^ thii'kness 
of the varnish vary, the Quantity must 
not be taken as <juite exact, but tiio 
amateur must be guideil by circum¬ 
stances.) When the first coat is dry, 
pajier <lowu and give another coal; 
jiaper down again, give another coat. 
Wlieii quite set give the whole piece of 
work a coat of white hard varnish, or, 
if preferahic, a ciiat of glaze. Work 
done in this style will las* for vears. 

V, * 

Should it at any time get bruised, it 
may be jiapered ilown and revcniislied. 

I In grinding cidoiirs for coloured w'ork, 

; great care should he taken that the 
; mixture is Avorked quite s^nooth, UKiiig 
spirits of turpentine only. Never mix 
with varnish until tfhe colour has been 
widl mixed witli turps, and never mix a 
greater (plantity than will be used at 
any one time. For colour japanning 
the following colours are itsed;— 
Flake white, red lead, vermilion^ Prus¬ 
sian blue, chromG .yellow, the %'ariou.s 
ochres, A^andyke ^browm,'*'umher,‘*1ainp- 



LA.CQUERS. MAGIC LANTERNS. 


95 




hlark, blue blacky drop black. With 
these any colour may be matched. 
For black japan a shn]dc jdun is to stain 
the artiiie, or even jiaint it with lamp 
black and turps. After the crain I^ 
tilled up, then varnish it with Idack 
ja]>an thinned with tur}>s, aflc"^ 
widcli give the aidicle a coat f»f 
w hitc hard variii%lj, darkened 
with iv(»ry Mack, or it may b«* 
lini.shodofi‘w itii a iniAtnro of , 

si/.o and ivory black, but nnist 
have 1 w o co.als. 

(j) 'J'ntys^ (\n‘rrs, dr.—• / 

Well cleanse the covers from / 
grease by ua'^hiiig in sntidiurir | 
aciil and water. Kinse in cidd 
\\ati'i* until quite free from acid*, 
Pnvrhas<' any quantity, say I J*int, 
Idack, br<j\vu, yellow, iw red .iaj»an ; 
^antisli; jiour a sin.'ili qnaiilitv of. 
\arnish in a cnp. Thne tin* <ovcr in ' 
a warm ^<»von until (piite hot; re- 
move from the oven, varnish the eu\cr 
in one direction, using a (amcl hair 
blush. Wlien every j'art ieqnirc<i to 
be varnished is d(me, place the co\cr 
in the oven for 2 or o hours. If 
ih# article to bo Aaruislic<l is t«»o 


and observe how far the neck appears 
above the Jamquitthis portion blacken 
with I*runswiek <n‘ Jaj»an black. Then 
take tho cork belonging to the bottle 
and cut a jiiecc out ot it, like Kjg. M, tlie 
cork being placed so that the heat and 



C'lic.ip lantcin. 

smoke can escape. The lautorn is now 
toiiqdofe. To use, ]dacc a night-liirht 
al the bottom of the jar, and the bottle 
over that (Kig. b2). 'flic light shoiihl 
not be jilnccd within 4ft. of tin* de\el< p- 
iiig tray, or, if required nearer, a jdcco 
of rige ]iaj)» should be ]d 'd < 
tho jar, w’ltli a liole rut in it for the 
neck of the liottle. 'J'his light will not 
fog aucAtia-rapid plate. A beer bottle 
will do fc»r tiie bottle. 


large for the oven, it ahonld be made 
quite hot in front of tlie fire, and same 
after varnishing,but care must betaken 
not to allow it to blister, ancl to keo]> 
free from dust and draughts of cold 
air. 

MAGIC LANTKIINS. 

The Lantern. 

0^) Che^ lanicrn for (jdatinc 
—The cost of this lantern is nothing, 
for cA’dl'y amateur wdio ]u\actises pho¬ 
tography has the materials required— 
viz., a green glass bottle and a jampot 
of white earthenware large enough to 
admit of the bottle being jilaeed within 
it. Next cut off uie bottom half of the 
bottle, by first holding the bottle over 
a candle, aud*then plunging it into cold 
water ; this will establish a crack which 
is led round the bottle with a red-hot 
looker, thus cutting it into two parts; 
thenjplnce t^e upper portion with tho 
nsek^n^ the jam-pot, neck upw^ards, 


(//) lU'Hcctmj imtei'n. — A njagi<’- 
lanteni wliich can be usi'd for showing 
ojiaijne oliject'5 is thus described )ii 
the inside of eatdi end of the fioiit. and 

t 

on the inside of each end of the boA, is 
a eonciivc refieitor; these are so jilaced 
as to (Mucentratc the light iij»ou tho 
picture at the centre of the back of the 
box. In a tube F, projecting inward 
Inm the front, botwei^p the mirrors, is 
arranged a sliding tulie G, hobling a 
convex lens II. This tube is moved fur 
focussing by means of n rod J extending 
upt<»tbe toi» the back of tlu: box. 
In the box two lamps or other lights— 
such as calcium or electric—are jdacetl 
between the mirrora at each end, .as 
siinwu in A Fig. f>:>. Above eacii light 
is placed a detachable funnel. The top 
of the box is curved and the under side 
is polished to reticct the rays o? light. 
In the top is a A'entilating opening pro¬ 
vided with a hood to permit the hot 
air to escape; the supply of u'r is 
admitted through the perforated 
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bottom. The piilurcs are hel*! in a 
sliding apjKiratus inoviii" between two 
longitudinal grooTcs, 1>, secured on the 
outside of the hack of the box, and 
having two apertures, which tan he 
closed by hinged doors. The jdrtures 


TtenMin.'* Ittiitern. 

are held in place by closing the d<iors, 
and can be shifted to appear in the 
opening in the back of the hnx. Tlic , 
light from the lamps is re/iecfe<l by the ' 
mirrors upon the picture, and fioin the ! 
same througlk the lens upon a screen or j 
wall. Uv means iifa mirror T on a iloor i 

V [ 

S hinged to the front of the box lielow j 
or at either fiid<^ of the tube, the light ' 
can be reflected upon any dcsircfl sur- ' 
face. Any «tpaqiie object, sucb as a pbo- j 
tograph, chroirio, or <lrawiug, can easily ( 
be reflected \ipoii the screen in any I 
desired size, all parts being clear and | 
distinct. The ])ictures do not become | 
h( ated siiflicietitly to injure them, and 
may remain in the apparatus for hours 
without being destroyed. (ScicnL 
Amrr,\.^ 

(c) Wonder vanuir.t ,—A “ wonder 
camera” is a sort of magic lantern so 
contrive 1 aa to enable one to use 
opaque <*bjects for projection uj>on the 
screen, instead of glass transparencies. 


For example, if a ]>hofographer wishes 
to show his customer how an enbirge- 
ineiit from a carte will look, he simply 
has to put the carte in the woiuJer 
camera ” and throw it uj),” Many 
enlargement scales may be madt; in 
tills way. Any photo- 
grajdier mav make a “ won¬ 
der camera” for himself, 
and what follows will tell 
him liow in a x’ery simple 
manner :—It consists of a 
woollen bi»\ nith a top made 
till fii' sheet-iron; the 
chimney is made of the same 
material. The Ions is the 
same as used njiou a camera 
for making photographs. 
At the back of the box (as 
will be .seen by reference t? 
Fig. TkI a II c) arc two donrs 
placed upon hinges. When 
the box is in use \ho door a 
is kept closed. The other 
door eonsists of two ]»arts 
place<i at right angles tonne 
another; the object of this 
is to fill the opening in 
d(»or e while the pictures 
are being attached to c; 
when a is swung into position i>pposite 
the lens jdaced at 6, d is carried to one 
side. If stereoseojdc views are to he 
shown, a slit may be cut ate, through 


£3a. 



which they may be inserted without 
opening the Imx. The door c should^ 
he cut off A little at the bottnui bo* as to 
admit air. The light is ••placed si 
as nearly opposite the picture it* pos* 
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siblfl. It should he a stroiiji; light; an (dy PoHfihlc lanfcrn.—A very coin- 
argand burner is the best. At the pact form of magic lantern (Fig. M) is 
bfick of tlie light is a piooc of tin l>ent adapieti for all experimental purpo.sesj 
into the form of a reflector. The light as well ns for the projection of views, 

53b. C3C. 



Wonder Camera, 

coining from h striko*^ r, and reileetcil The best wny to give a correct idea W'ill 
1hr(uigh Ihe lens ujion llie scroiMi. 'flic be to take, ns example, a 4i in. con- 
/^hm of the box is reprcscutr<l witli the denser lantern, and give the dinicn- 
top rcmovell. l)iinonslonfl will depend sions of the diiVercnt parts. The size of 

llic condenser settles the 
(inestion of the measure- 
ments <tf tile other parts. 
The two eemdenser lenses, 
plano-convex, are mounted 
each on a separate hoanl. 
A circle is turned out with 
a rabbet in each board, in 
which the condenser seats 
itself, and is ^ecured therein 
by three buttons. The rear 
condenser Ix’ard A is (>J in. 
square, 'fbo front board 
li is of the same width, 
but SJ in, lon%. To the rear 
one a striji is m'ewed across 
tlie top edge, and the front 
one is hinged to this strip. 
At their bases, coming be¬ 
tween them, two small abut¬ 
ting strips are secured. The 
ihickn<*ss of the strips is 
such that the boards, when 
brought together with the 
« INirtable lantern. strips in contact, are s^ctly 

Upon the focal distance of the lens and parallel, and the lenses are held apart 
height of tlie light. Care innst be from each other, 

Used to have the distance from the The frame or base of the lantern is a 
lens to c, whe^^ closeH, equal to the three-sided square, a little over 0| in. 
focal diRliii;3e, (T, Carter.) across, and 13 in. long in internal 

^ H 
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tnt’nsiircin«Mit. Jl is rlosotl tin* 

front ami tnn,‘n at the Imck of the 
lautorn. It is 2J in. deop, 7A in. from 
its front; tlio back onmleiwi'r )).)ard is 
hni.;cl to a strip that runs across the 
top of tho fraino, and it scrcN\ed iinnly 
thereto, flusli with its iijipiT snrf.icc. 
A loiif^ brass hook / and st’iple arc pro- 
viilod for lioldincj the cmuUnsci> in 
]daco wiieii vertual. The hoards are 
held tom'ther, \vln*u desired, byamdlier 

shorter ho<ik c witli sta])le. Tin* (‘on- 
densers are then in jilact* fn* Imri/ontil 
proijection. To arran ‘^0 tJiem for ver¬ 
tical iirojcction, the* sum II hitok c is 
unlhstened, llio fiont cinnlenser T» is 
piishtMl up until the ts/o arc at an 
aiii^le of anil a jilane ndrror is in- 
.scrtc'l, resting; a^Miust the two Itdtlom 
stri]»s. The mirror shoui I ho mounted 
on a tliin board or on a brass plate, so iis 
to provide stren-^th ami pro¬ 


curers ilie slot in iho sliding strip 
and the slide carrier re.sts upon the 
shoulders foimed J>ythc «])por bbx'k. 
A hand s<Te\v d is arranged to liobl the 
slide carrier in place where desired. A 
smaller movahle inirn»r 1) is supplied, to 
be supported above tlie olijective when 
the lantern is to be used for vertical ])ro- 
jection. 

A piece of sheet iron is fastened across 
tin* bottom of the main frame, on which 
t)»e 1 intern K rests. In the front of the 
same frame a imtcli is cut. in wliicli the 
piece/? rc'.ts. To make its ])osition in 
the front coiiilt-n^cr board more secure, 
a sei'onrt slnp may be attached Just 
below Iho mortice and to the back of 
the board. For lantern, any good 
form of scrccnctl lamp may be used. 
If necessary, a shcct-irou box may be 
arranged to enclose the source of light; 


tect its back. 

A mortice is cut in th* 
front condenser 0,j in. fron 
its toj*, 5 in. wide an'l in. 
long. A piece of board a is 
out to slide smoothly back and 
forward through this mortice. 
For retnining the strip in any 
desired jd.'ice, a liand screws 
is ])laced on the side of the 
condenser board, whicli is 
notched at Iwdh its lower 
rorner.s, A strij) of brass is 
attacherl to the side of this 
strip for the screw to ])re^s 
against. 

The strip c.jrries tin; slide 
carrier h and l<*ns C, The lens 
is attached to n board about 
4 in. wide and 5J in. higlj,with 
a tenon jirojecting from its 



base. A mortice is cut near 
the end <»f the sliding strip 


Fortahle lantern. 


to rccoivc thi.s tenon. 


A second inortie** or slot, 4J in. long but with sneh a •lantfirn as is here 
.ind 2 in. wide, is tnado in the strip ft. shown it is quite unnecessary. 

The slide carrier h is a board bj in. Fig. 54 sliows the wjiule ready for 


highboy 4J in. wide. To its base is 
attached a piece of wood 5 in. square. 
This is J ill. thick,and below it is .n 
second piece <»f the s.arne length, but 
just 2 in. wide. The second piece 


mounting, the lamp being lighted and 
ready for work. The lamp should 
always he lighted before beginning, as 
it may take 5 min,,for it to attain its full 
power. Fig. 55 shows Vhe put 
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loojothiT ami arranged for cxlubif.ing Tlic slivU* carrier <'an also bp inovod 
views. J/ 3 'removing the slide-carrier, backwards and forwards, lly those I »\ o 
the entire .sjjacc between condenser and adjustments, tlie slide earner can be 
objective is free for the iutroductioii of brought to any point de^iied in the (‘one 
a]»pnratus or perfonnanee of ex]iori- of rays ccpiiverging from the eondpU'^ers. 
incuts. A soap bubhlc ean he blown J>y moving the lantern backward aiul 
and ]»rojcct(‘d in this space, A giass of forward, any nn»di/icatioTi in the dircc- 
wuler can be verv pndlilv .sliow’S, and tion of tlic lurht ravs cnnu’gins: from toe 
the lantern will be tonnd adiniraldv condenser can be given. A Innc light 
adajded for the exj>ejinieiiter*s use ean bo used instead of an oil iain]>; but. 
iMg. 50 shows tJie lantern arranueil lor as the ohject was to show a j'ortablc 

biiitcru, the former has beeii 
sht)wn in the cuts. (T, 0'Cen(>r 
»Sl<tano.) 

(c) J.ampr — 

This lamp has no few’er than 
r» wieks, hent‘e the natno 
renfapiianc,’’ or .VAdd light. 
B( sides the ini}irovcuieiil in 
the lamp, theic are .some 
others not before met with 
in the ordinarv lantern. ^J'he 
sliape is sonu'what dilVerent— 
the snu.aie front carrying th(> 
objectn-e being an arrange¬ 
ment for (‘xlnblting (•pa(|ue 
objects, which has hitherto 
been aecoin})lish(‘d by a sepa¬ 
rate ]doce of apparatus, the 
aphengescope, tin* use ol wdiicli 
necessilate<i altering the pOM- 
tioii of the lantern, wdiereas 
in this ease it ptlected al- 
moit inomenl.irilv. For e\hi- 
biting transjiarcncics, tlie 
objective is screwed into the 
bottom tlange, with a cap 
screwed in to ext hide the 
light when not in use. The 
light from lamp passes 
through the condenser in the 
ordinary wav to the* objective. 
Portable lantern. When required for opaque ob¬ 

jects, such asaC.U.V., medal, 
vortical projection, the outline of the xvorks of a w'atch, &c,, all that 
mirror being'given in dotted lines. As is required to ht* done is sinijdy to 
the sli(lc-(^arner is^ot always used for screw the ohjective jnt 4 > the t(»]i flange, 
work in (his position, it, too, is shown The flat mirror at fhe bottom is 
in doited line,'.. then brought into u.se, and tixod at 

If all is properly constructed, the a proper angle to throw the light 
apparatus will be susceptible of all from the condenser back on to tno ob- 
kinds of adjustments. The sliding ject by a piece of metal drilLnl with 
board (rcan be moved back and foi*th in a number of holes, and a pin fixed 
the n^rtice in^.he front condenser board* beneath. The object is then refit cted 

B 2 
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llirough the on to the screen. 

Thw ariMniroineut ^\ill Im iouinl verv 
serviceable for iutroiluciiig many iutc- 
resting ohjeet.s in the cour'.e of an 
exhibition, ^^hieh ctlierwisr- rjiuhl not 
he (lone witliont fij>t li.ainci them 


inorleralo-siiiMl lecture moms. Tlie 
iliirifulty of the ac<'ur.ite ntlju.stnient of 
the wicks, so as to avoid smoke, 
frrnn so many hurners, is (thviated by a 
M'ry simple hut, at the ^ame time, very 
etlbctive arrangement of a fan or 



]diotogra])]ie { and made into slides in 
the o^Cuary way. The 5 wicks of the 
lamp are arranged parallel, and the 
light given is, certainly, one of most 
intense brilliancy and, for transparencies, 
all that cm be desired for schools ov 


shutter jtlaeed in the iron chimney ot 
the lanif, which regulates the current 
of air so that, when the flames are left 
at a moderate height all level, by 
turning the fan tke current of air is 
increased, and the contbined Carnes 
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diMwn upwards and towards th(» 
whore tJie greatost amount of illumi- 
nation is, of course, rotjuired. The 
lantern appears to bo well made in «ill 
its parts ; is iitted with 4 in. condensers 
and portrait cunibiuation idijeetivt^: and 
’ packing 


arc used, but for the mere pui])ose rf 
e\hil»itnig a.senes of idiotographic view s 
tliere is no need of tw o Jaatorns, unless 
it be for the jmrpose of cffccfy an 1 that 
is no small matter in a lantern enter¬ 
tainment. To see a picture come <»u 
the screen in its jrojer ]ilMce and 



into a light iron case only lo in. by 
Vi in. by V\ in., and leaves nothing t*) 
be desired by those wlio \vihh for a 
compact and comjdelo instrument ready 
at a moment’.^ notice. 

Carri^r for Slides.- —The lantern 
slide cari'i*"^ may sound to .some a very 
UTiijnjiortanvpavt of the lantern outfit, 
yet it IS the very bnck-boiie of asuccessfiil 
entertainmefit. Chadwick, who has 
done much to simplify lantern inauijm- 
latinns, has overcome, to a certain extent, 
the difhculty of exhibiting slidi-s of 
various sizes, A nuivei-^fil size of slide 
Would do inucli to adv.incc the interests 
<»f photography nu^ remove a loa4l of 
anxiety from the mind of the lantern 
conductor. We would then be in a 
better ]>osition*Lo exchange slides with 
other nations, and be sure of exhibiting 
them without any special arrangement 
in the form of our carriers. 

Chadwick’s ijripToved carrier is simple j 
and ei1loti\^e enough when two lanterns 


remain there quietly till the lecturer 
has ]>assed his remarks upon it, and to 
jta.ss as quietly away, is a pleasure w'e 
seldom enj<'y under present circum- 
.stances. When a single lantern is used 
we are accustomed to see the pictures 
pas^ along the screen in regtibir, and 
sometimes irregubir, succc^^ion with an 
ugly streak of bl.ick-^^etween each, 
caused by tlie binding of the two glasses 
and the round or t'ushion-sluiped mask 
between tliein. Why tliis has been mi 
long the toriu of nioiiutiug slides is 
diilicull to understand : it is tnucJi 
better to leave out llio mask, and with 
the ju'eture close up to the edne, hind 
only tin* top and btittom the slide ; 
and' if the piish-aloug process of exhibi¬ 
ting be a<loi»ted, we have something 
more approaching a panoramic cllect, 
and the eye will not bo so painfully 
impressed with what in reality appears 
more prominent than the picture itself, 
namely, its mask and binding. This, 
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Avitli the single lanlerri, will be fonnd a 
practi<‘al way of sfettiug over the difH- 
culty when oi' varions sizes ai‘G tn 

be exhibited ; indeed there ne<'d be no 
limit; to the length of the land^e.iiie 
slide, though for portraits the mask is 
iiidin|)en^:il)le. A universal si/e of slide, 
after all, would he tlie most ueceptal)!e. 

1 shall now ih*seril»e inv earricr Jin-l 

the mode of using it. Tin- only diiliculty 

in the wav <d' its being iuinu-iliatelv 
¥ • ¥ 

adopted is that a sjxa iai arrangement is 
iiCiM'ssary to be made with that part of 
the lantern wiiieh hears the lens. Tiie 
imj>rov(‘d Seioptieon i’e([uii«s no altera- 
tit»n e\i‘e]»t in tlio Iion»l wliieh shades 
the light l>etw‘een tlie coinlonscr and the 
objective. The carrier rcnuires no great 
amount of meehani<al skill to eHect the 
d<‘^ireil alteiation. Figs. oS, 5t) give 
Nome idea of the sIkijk* and mechanical 
arrangements of tlie carrn-r in its 
nn]»roved form:— 

A ii Fig, is the frame, which may 
be matle of either w'Ood or metal. (J is 
a sjtindle which ].asses friun side to .sidi; 
of the frame, terminating at each end 
with a suitable thumbsciew, by which 
it is turned in tlie act of changing the 
.slide. I>, two metal plates juts.sed 
tlirough the above spinilJe, wdiiidi act as 
levers ill pushing away the slide, E 
may 1 /c called a self-acting balance 
lever, the form and action of which will 
be better seen in Fig. Mb F is a spring 
to counteract the force of tlie failing 
slide, upon which the succe.ssful working 
of the carrier j^iiich depends, in adjusting 
which be cai’efiil to give it a slight turn 
inwards, so iluit tlio hlide on fallinginay 
not be forced outwnirds. Fig. .*>9 is a full 
size section of the principal jiart of the 
carrier tis seen from the side; tj is the 
spindle; 4 the self-acting balance IcA'cr, 
wiiich is simply a plate of metal bent 
rountl the s]»iinlle in the form repre¬ 
sented, the round hlack ]»art of which is 
fillejj.with lead, thus causing the lever 
to ])ress against the slide i, and hold it 
in p 4 isition till forced away by the 
spindle leA^’crs in the act of changing the 
slide. 

Izi using the carrier, dro]> a slide in 
at the top of the frame at A B, Fig. 58, 


till it rests on the spring F. That being 
exhihited on the screen, drop another 
slhlc in at the top as hefi>re, w hile the 
spindle levers are l^ing in a horizontal 
position, thus piwenting the fop slide 
from coming in contact with the bottom 
one. The Iccfnrer having finished his 
4 h*scviption i>f the view ou the screen, 
gives the signal, while you give the 
flinmb-''crevv (* a slight turn, and, in a 
lla^li, the scene is tdianged. The slide, 
on !>cing expelled from the carrier, falls 
forward upon a cushion or pad, from 
which it i-i remove.I during the descrip¬ 
tion Ilf the suix-ecding slide, and so on 
till tin* close of tiie lecture. (.1, McKean.) 

(/) /tiunhilLantern ,—Aditlicnlty with 
n.anv has been that thev caunot obtain 

9 ^ 

coal gas; and tlicy find the oxy-calciuin 
jirocess with spirits (tf wine not easy to 
manage. The sYiinnetrical condenser is 
now much in use. A iiint for stca<iying 
ihej^'t and lime Indder is by fiiiii^away 
the Rn]»]»orling rod on the side opjiosite 
to the screw'. This simple plan is so 
clfeclual for the object designed that it 
might to be generally known and 
lUloptOll, 

yoiirce.s of light are the first point for 
consideration. TJie forms are as fol]o\v.s: 
The lowest foi'in of lime-light is the oxy- 
c.'ilcium or Kpirit-lau)]* jet. In this 
form a jet of oxygen gas is thrown on to 
a spint-lainp ilaine, and, striking on a 
cylinder of lime, produces the loAvest 
form of lime-light. This Kght, under 
usual c<mdition.s, is equal to 150candle.s, 

'J*hc next is the safety oxy-hydrogen 
jet. Here we use a Jet of gas from the 
n 4 »arest gas fitting, and through this 
the oxygen jet is thrown, ns described, 
on to the lime. This form is perfectly 
safe, and gives a light equal to 190-200 
candles. 

The most poxverAj! of all is the true 
oxy-h 3 'drogen jet. Here we have both 
gases (the oxygen and hydrogen) uniJcr 
a much higher jnessurcl* The jet is so 
constructed that the two gases mix in 
the chamber of a jet, and pass through 
the jet into the lime cylinder. This jet 
is equal to 4-00—4'25 caiYlles. The light 
is most intense, and with it Vievf^ 35 ft. 
diam. may be shown. Its great draw* 
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back is that it is only safe in tlie hands 
of an experienced o|>erati>j*, Jt is a form 
re(|uiriiip;c{uvfnl inani|mlati<ni in (‘very 
re^pel’t, but if corlain conditions ar»» 
foinjili('d it can Ik; used without 

danger. 

Ilighley descril)e.> an oxy-spiiiT lam]) 
which seems jveifect in all ils arrange- , 
iiu'uts. I^umplirej’s vaporiMM’, when j 
YOU Ciinuot get Coal gas, in an inex- j 
pensive ajiparutus, and can be usctl with ' 
any lantern, the sjtirit being volatilised, j 
and burned without :t wick at the 
mootli of an ordinary safety jet. Thee 
arc, however, two or three pifinls to Ik* 
observed in order to ensiin* Mieeess. 
Much dejKuids Ujam the constrin'tion ol 
the hnnicr. If )ou iis(‘ an o\^gen 
iiozxlc with a very small bou*. and force 
tin* gas thr<ugii it by sfiaaig piT.ssure— j 
sav hO In. or more on liu* bag—then* ‘ 
^yrill be a dark nucleus in the emitre of 1 
the mrandcseent lime spot, supposing | 
tlie^ ^ jsiindcr of linn* to Ik; sonn^wliat , 
near to the oritii e of ih*-* jet. And not 1 
only so, but on looking into tlie anterior i 
glass of the Ions from tlie front, yon 
wiy tlie same dark centre, with n 
ring of light surrounding it, sonictliing 
hke an annular eclipse of the sun, Tiic [ 
cx|>hmatii>n is that the two gases me j 
travelling at so dillerent a I’ate at the ' 
time of their emergence iVom the jet, 
that they do not mix projicrly, and 
hence there is an ex<‘ess of oxygen in the 
iniddle*of the tlaine, jirodueing a eoidiug 
eflect. \ 

Some say that the greater the pressure 
on tlie gas bag iu tlic o\y-cak'iuin 
process, tffe hotter the, light; but iu iny 
own praelieo I llud CLuitij the reverse, 
and havK (ditaiiied the best results by 
using a low pressiP’o not exceeding 28 lb. 
Tile o,\ygcn then travels slowly, and 
ini.\<'s more thoroughly \Yith tin; spirit 
vapour before tWe flame touches the 
lime. QuantlUj of o,\ygen, however, is 
important, ajid hence I enlarge the bore 
to in, to compensate for the dlmin- 
ishwl preshuro, A single trial will show 
the advantage of this enlargement of the 
bore, Ihe light heipg better and more 
steady, whilit the lime reijuires to be 
turned seldom, or not at all. 


Look at the matter from a common- 
:en.‘-e point of view. In tins oxy- 
eiilcium ]n*ocess vi'U have spirit of 
beu7.(din(' va]tour e.--eaping slowdy 
thrmigh a larg(‘_orifiee of J in. diameter, 
and you send a small and rapid stream 
of oxygen into the centre of it, UiiIias, 
therefore, the lime cvlindcr be at some 
di-taiice, tlie two gases cannot mix. 
When, liow i‘\ er. you u^e a larger stream, 
and one whose rate of traM lbug cenre- 
sj»onds more nearly wjlh tliat of tlic 
spirit, the admixture is ]>eifect, and 
complete combustion k tlie result. At 
all events, Avhatever the tinory may ho, 
there i,s no doubt that in piactice the 
laller method givt's the best result. 

Tin* in. t-x} gen orilice may be 
nie.iMired by au amateur sutneieiitly 
nearlv bv stain]dng it on a sheet of 
paper, and making five ]m]>vessions, si<ie 
by Mde, ^^lli^*h ought then to measure 
J in.; or l»y picking (uit a stocking 
needle whicli exactly tits into the bore, 
and pricking a few iudoh on paper cUse 
toiretlior. 

A Iveginner x\iU, jicihajp, find a 
dilliculty in centring tin* ji*t in the 
lantern wlien it is heati'd Ity the 
small lamps einployetl with rumi»hn‘y's 
vajtoriser. I'o avoid this, cut a circle of 
jKijK*!* the size of the eondciiser, wdth a 
.small hole iu the inKblb*, and stick it on 
the hack glass with a xvafer. You will 
then see exactly the hciglit at which 
the jet siioiitd be fix<d to bring the lime 
s]utt on a line with the optical axis, and 
it will remain only to cut ahalf cork, or 
a piee(* of soft xvood, %id tic it. under¬ 
neath, cn to the supporting pillar, so 
that for the future the jet may be 
dro])|ied on to it, and screwed up 
securely. 1 work tlie oxy-calcium pro¬ 
cess xvitli the lime cylinder rather near 
to the jot, although not quite so near as 
iuthe ox)-hydrogcn process. Juall com- 
]»ai'ative ex})ernnciits, the distance from 
the jot should bo noted, ns it has an 
influence upon tlio result, 
limes are preferable to the hard, whou 
low pressure is to be employed. As to 
uonsiruction see Kigs. 60-70. If we sup¬ 
pose, side by side, two inahoguir’ body 
lautoms, and if we place one of thorn on 
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Iho top of (Ik* othrr, ilu* 

neocssiiry arrangements as to I'ariying 
the tni}'!*, etc., we have the first jiriii- 
ciples of the hi-unial lantern. In doing 
this we lind an ohst.iele arises, the disc 
of the npjier lantern does not coincide 
or resistor with that from the lower one. 
Hence we are coinjadlcd to eitJicr till 
the npi*or lantern downwards, or in 
some wav to <»hviate this. Jf ue, 
therefore, allow tlie stage carrying the 
condenser, slide holder, telescojte lVi)nt, 
and foens lens of the lower lantern to 
remain as it is, Init lit the njqier stage 
to the mahogany body with a liiage, and 
arrange for its adju'^tinent, which can 
be done by liaeiug a .spring to pre?.s it 
outwirds and two inilicl-Jicad sciewsto 
draw it back, we tluni are able to cause 
both discs to coincide on the screen, 
'fhis plan was tlio one adopted by 
lligliley. Other makers adojit a pre¬ 
ferable arrangement, and make both 
stages mvivahle. Assuming that, instead 
of two lanterns, one on the other, we 
make a body specially adapted, dimen¬ 
sions as follows WK)uld be suitable :— 
Fig. 60 shows the wooil body ; height 
18 in., inside measurement 7 in. hy 0 in., 
bottom })rojecting in. The hottoni, 
Fig. 01, in. by in. It i.s easy 
make a lantern, which, for a]>pearance, 
looks compact and portable; but iitdhing 
smaller than the sixes named will give 
an instrument that will work well w'ith 
good venfilaHon. Jt is a somewhat 
costly matter if, in retiucing sjiacc, we 
lind .some evening that the woodwork of 
the lantern is on fire, and that one or 
both coudcnser.*v; are damaged. Inside 
the body should he a lining of cither 
sheet iron or tin plate, h’igs, Gl£ to GT) 
show vari<ms views of this. It should 
be kept off the mahogany, so that an 
air .sjiace of in. is left all round. 
Thi.s, when the lantern is in uso, allows 
n current of air to pass uj), and .so ]»re- 
veiits undue heating of ilic wood. Fig. 
G2 shows the side measuring 18|J in. by 
9 in,, wi^h holc.s 6 in. square. Fig. GG is 
the Lack, 6 in. wide, A good way of 
holding u]> the lining is to screw it to 
wood blocks (the thickness of the air 
Bpacc)| which, if placed in the angles, 


will not interfere with the air (uirrents. 
At the bottom of the lantern, and 
securiMl to the feet, is a tray-holder of 
Niioot-iron; in this slides the bottom 
tray, me.vsuring Gt in. by 8^ 
shown at Fig, tiG, Halfway up is another 
tr.iy to work with the second or upper 
I system (»f leiise.s, and this is carried by 
another holder, wliich should be riveted, 
not soldnT'J^ to the metal lining. In 
wairk, the btwer jet vxould so heat the 
bottoii> of llie uj)per holder, and, in 
(imsequence, tlie tray, that damage 
. would resull. To ob\i.ite this use a 
tlame guard nr de/lcctor. This is a piece 
of .sheet iron, sliown at Fig. 65, also 
riveted to the lining anti tin below the 
liottom of the tray holder, the air space 
b*‘tween being fdunil to sufliciently )>ro- 
tect the upjter jet and tray from 
damage. Faither up the lining is 
turned over on a wire, so as to terminate 
about. 1 in, below the mahogany work*? 
Hy this means tlie hot air up 

the air space e.scajies into tne upper 
chamber of the lantern, and so out by 
the hood, (hi the riglit hand side of 
the lantern .should be the doors; they 
are G in. sijuare, with a hole in. dia¬ 
meter through the centre (see Fig. 67). 
'i'he doors, as well as the body itself, 
slioubl linvc a tin or sheet-iron lining, 
kept oir in., as dcscrilied. In the 
I centre of the doors should be a circular 
hide 1| in. diameter. Tlie use of this U 
to be liUed with a piece of dark blue 
glass (the tin lining being cut aw'ay to 
m;itch) tlirough which the operator can 
examine his limelight jet, without being 
exposeil to its daxxHng bryiiancy or 
having to o|)eu the door. 

Next ctunes the back (see Fig. 03); hero 
we must cut away the wood and lining, 
so as to obtain an aperture through 
which the tray and limelight jut pass. 
At the front, Fig. 64, two circular holes 
must he cut where tfih condensers pass 
through, and sliould be A-J in* larger 
than their diameter. 

An to the arrangement of front, 
Stewart, Middleton, and many other 
well-known maker.s fit the entire lens 
system to a brass plate or stage, Kig. 68, 
which is hinged to the fantern l^^dy, 
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null ad justed, aa tlcserilteiJ ; the eon- 
<Jenscr being carruni by a short tube 
projecting into the lantern, whilst the 
power or foctis lens is carried, as usual, 


across llie centre of the lautem front, 
and carrying the condenser on the inner 
side, and the brass front and focus lens 
as before described. In tliis form, Fig. 
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at the end of the brass part. Wood, 
and seyeral other manufacturers, on the 
other hand, fit, ns ibwere, a mahogany 
door#hinged *to a cross bar running 


the slide-holder and stage are of niahog- 
anv, and on this plan (which is superior 
in many points) all onr highest class bi- 
and tri'Unial lanterns are constructed. 


Parts of Biunial Lantern 
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This though moiv ro.stiy, has 

ailvantugt’S ia ajjjujaraiice ami farility of 
adju'jtmont—*tho (.'oimuiUMu o of tho discs 
hcinir secured ^\ith niilhd-hcad screws 
})a.ssing through tlie cuds of a !u*ass 
strap luiiuiug aciaiss the d(*oii>. This 
lias one great advantage: it dispenses 
witdi spiiiigs of any kind. Tlu; wood 
and cai> tor 1h<* to]> of the lantern aro 
shown at Kig. 70. 'flie condon'ers 
siiould he either in.tu' 4 in. diameter. 
The fucu.s lense.s, whiidi should be of th»^ 
douhlo aeluMJinatic form, with rack an>l 
]>iuion, are now made to give long and 
slmrt focus. 

The utility oftiiis is in working with 
a screen of given .size, say, fiT instance, 
lit ft., I - ft. 15 ft. or -0 ft. Assuming w c 
liavc an achromatic jmvver of whieli tlie 
short fifcu-i 4 \ in,, and the long i» in., 
we can utilise the coneaxe of the hack 
ctunhination, as al-'O The crt^'.scd Id- 
couxex lens, 1(* eitlier turther prolong or 
feliorten the f'peu^. Taking the e.\aiMp[e 
of a screen 20 ft.,and suj)posing vxeliave 
t<i work in a room 25 ft. long, our double 
crunhination just covers it nicely. 15nt, 
siippodng the numi wms 5o ft. long, vxe 
should be jiiht in the middle of tlie 
amiieiice. We will use tlie long focii.s 
lens, and, pla<dng our.sclvc.s at tlu: 
further end of the loom, we still throw 
the 20 ft, disc. liy the same mode, if 
we have a room larger still, by using 
tlie coneave hai k w'e (‘an still furtlier 
lengthen the focus. T»v this means an 
expert operator can ]d:ue hiiusolf at any 
convenient distance, and still inaiufaiii 
his given dur^ieter of view on the 
screen. The front or tubes of this form 
of lantern are so consti lu-ted as to slide 
one within the other, and by thi'> means 
w’c are able to ]engtlii:n our tubular 
fj'ont W’hen using loiig-focus lenses. 
{A/uafeur Mo/7;.) 

Slides.— J^rmiinif fr.trnc. —To print 
tranr*]»ar(mcies for the lantern by eon- 
tact, when the negative is of a l uger 
size the [lictiire required, necessi¬ 
tates some special kind ofjirinting frame, 
if the negative is to be kept free from 
scratches. The following may be sinijdy 
made, ami will be found ii great couve- 
iiicnce where a number of ]tictures aro 


vequireil alike;—Take an ordinary 
]iriiiting frame, say a 12 by IG, of the 
kiiol made to use without a plate-glass 
in front, ami in the rebate wliere the 
negative is usually placed fasten, with 
strips of jtaper all lound the edges, a 
piece of very flat glass ; turn the frame 
over, ami on the otdier side of the glats 
fasten a mask of j/aper or cardboard 
}iavingauo])enmg;l[ iu.hy5[ in. exactly 
in the centre. Now, in jdace of the 
ordinary hinged hack, make a frame of 
tile same si/.e and tliickuGss, with an 
opening in the centre about (J bv 4 in., 
and cover all over om* side, witli the 
c.\(vj)tion of the opening, with a piece 
ol'\elve(. 'fliis frame, wlieii placed in 
j)o^ition, will he held by tlie s]>riugs that 
originally held tiic hinge hack. To 
complete the arrangement, cut out a 
puM-c of diy m.'iliogany 1 in. thick, and 
exactly tl by I in, t»> accurately Jil 
opening in xelvet-coxered hoa^sj, and oil 
this block draw a stjuare 1)^ in, V) in. 
exactly c«*ntral. At one end of this 
square glue down a very thin slip of 
liard wood—th.it is, rather thinner than 
the glass jdates to be used—and a^^the 
otlujr end : at a mortice 5] in. long, nud 
about 1 in. w ide, right through the 
block, lieginning just within the iu. 
line, say iu. less. Into this mortice 
Jit a piece (»f wood 3^ in- by 1 iu, by J in. 
(>n to one side of this piece glue a 
.similar slrij) of hard wood to that 
j)laced ou the end of the bb.ck only, 
jirojecting -1 in. each end, and on the 
other side screw a similar jiiece so that 
it can he removed. Place the jdcce in 
the mortice and screw on t^ie back slip 
(tf wool!; tiu're will then be left a space* 
of i in. at the end, just room to put a 
piece of bent steol clock spring sulli- 
cicntly strong to clip the in- plate in 
position. The sides of tho block iniiy 
be rel>!ited down nx. at the in, line 
to allow the thumb and finger to adjust 
the plate in exact position- To com¬ 
plete the frame, jdace the block in the 
opening of velvet board, and arrange an 
ordinary brass }»re8.sure frame spring to 
keep it iu jwsition. For use, take the 
frame, remove the board,* amiadji^t the 
part of negative required over the in. 
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siicnin^, then place over tlic velvet- 
covered board, and fistt-n down the 
poiinjC"^, The in. plate is now f’lij>j>ed 
ill llte block, and di*t)j>peil carefully into 
tlie o)>'*nin;; over the ncg/itii e, and alter 
expt^huro lifted out in (lie mivc way, 
so that any nninber <d cxjniMires may 
bo made exactlv rciri-tcivd m the same 
po,*>Ition, without the chain es of injury 
to the no{xa(ive whudi otien ot‘<‘urs 
unless Some sneh arrangement i, 
adi']>ted, (A. <.*onan.) 

b'hapt*y <fH(i Jl/otinlanj ,—Tlic 
size i^enerally adopte.i fur a lantern 
slide is oj in. square, with \ in. mari^iu, 
uliich giv'o the siglit of the picture 
in. square, r»y ‘‘squaic*’ J mean 
tin* ho-i.dleti cushion sh.ipe—tliat i-^, 
square, with the four corners rounded. 
All Jaulcrns <d‘ any ]»i*eteJisU)ns are 
fitted with condensers ol‘ 4 in. <liamctei, 
tiiis will take nii'oly the shape 
a4i*' c-i4in'.td without any lailaig oil’ 
tin* corn.-rs, the diagonal of tlie o]m*u- 
ing of the ma'‘l;s for the purpose )n*ing 
iy{ in. If the lantern is fitted witii 
<*\)iidenser.< of "J in. diameter only, 
nftsks witli ronml openings can only 
be iisej for all ]dctures, unlcsi one is 
satisfied with (Mily sinall-sized pii'lnvt^s. 
As regards condensers, many of iht* 
modern lantL*njs are lilted with con¬ 
densers made with tw'o plano-ci)n\ex 
lenses, mounteii with their ei»uvi>x sides 
to eavd\ other, and the two piano sur¬ 
faces ontwarJs. Fur HincUgiit, a con¬ 
denser of this kind is the imrst form, 
us it is aimobt impossible, when 
centering the liglit (especially when 
the inhxcal jet is used, w’here the liglit 
emanates from a very small spot only), 
to get a perfectly llat field, or *‘deptii 
of focus”; and the adjustment of the 
ligiitr requiiNvs to bo Very accurate or 
the disc is not perfectly white. Not 
so if the other ftwin of compound con¬ 
denser be used, made up of ii bi-couvex 
lens, and the other lens of a meniscus 
form; and when mounted, the side 
which is concave being tow'ards the 
light, and the convex side tow'ards the 
screen, A i^ndenser of tliis kind always 
gi#s tlTe best results wdth tlic mixed 
jet. The defect in the first-named 


condenser is not bO great if the safety 
or M<Av-through jet is used, as the s])ot 
of light on tlic hme is much larger; 
and the dcih-ct is still less in the oil 
lantern, as tin* size (tf tlie flame is .still 
largi'i*. The ]»lano-(M)ndcnsers are used 
a-i bi'ing much clicaj)er, 

'fo avoid mistakes, the masks for 
lantern sliiics arc be.st made of what i.s 
know'll in the ])ai*i*r trade as surface 
]ia])er—that is, pajier black one side 
and white on the other, the black '^iilc 
being placed tow.ards the film, and tlie 
white side tow'ards the caji elu>Sj and 
on this white side of the pa]>cr the 
name of the subject can be wiittcn 
Avitli pen aiiil ink. The white sale i.s 
aUo very convenient, as it can be 
easily ‘•ecu in a very ilull light by the 
openiUn*. In making slides for 
ainatturs, 1 gcneially mount them 
in (ills way; but I think a more 
elegant wav is to use masks black on 
bolli hides, and write the title in wlnto 
witli a pen. To do Ihi.s, get a bottle 
of t'hincse cu' i>ermanent white, empty 
the ciuitents into a much largt'r bidtle, 
and thill down W’ilh water, stirring 
well with a piece of .sti<'k kept for that 
purjiosc, (o a conM’'tency that will flow' 
m an <»rdiimry fine-imiutcd jum. Or, 
if the title is long, it is best to use a 
steel pen called crow-quill si/c, or a 
lithographic jien; the writing i.s then 
quite as easily done as with an 
ordinary j)en and ink. The Avhite 
must be oi'casioiially stirred or sliakeii 
up, as the 
settles. 

Whichever system of mounting is 
uscil, the wdiite .side, or where the title 
is wiittcu, tliis sitlo always gties to the 
light, unless the pictures are to he 
.seen by the audience on the other side 
of the sheet, tlicn matler.s are reiorsed, 
and the white or written side of the 
sliiie must go tow.inU the sheet. 

The sliapc of opening of the mask is 
a matter of taste and judgment accord¬ 
ing to the subject; for ordinary land- 
scajie or intoriora, ^the cushion shape 
will generally be found the best, 
except in some instances where there 
is something objectionable in the 


]>igmeut being heavy soon 

W 
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<'(iriun‘s, tlu'U ii I'lrcul.ir nju-uiiic; may | 
ho an improvoiui'iit. Or take tlic ' 
subject of n distant landscajm with too 
iiiuch (jf a srrassv field n tlu* fore- 
ground, tii»^ «ir< iilar shaj»e docidfaily 
will be a xerv^reat eiiicut ; in 

few instaiu*t\s an <»\m] will be a 'jjroahT 
imijroxeimnit still. For portraits, the , 
ti\al form is far superior to *'iny | 
otlier, I 

In many iustaiu'e^, the stjn.uv or 
eushiuii shape is not suitable to the ' 
subject, c^})ecial!y where slides have j 
to be made from negatives not taken I 
for that ]»urj)ose. The 7in. by o in. ; 
and the in, l>y 4.^ in. si/e nei^alives, 
arc inostlv very unMjita}>le to eontraet ■ 

» ■ I 

into a sr|n:iro sha])e, unle'*s the sides i 
contain nuimportant matter and (an . 
he cut off; if the whole of the subject 
has to be lucludeii, it is bett« r to make : 
a mask of the same proiKirtums. In 
some inetaiK’cs, the skv can be made 
higher; if the subject be a llat ooxintry 
scene, then tlie sky innug made Idgher j 
will give a better reju'cscntation (d“ ' 
the flat or maishy country; but if the 
subject be mountain scoucry, making 
the sky higher xvoubl liave the effect 
of dwaifint; the mountains, which 
would not be truthtul ; just t'm* same 
as in mounting an ordinary portr.ul, 
the higher the suiij<‘ct is mounted the 
taller he or slie looks, uinl tin* lower 
tlie shorter, and it is just the same 
XXitii the landsrajH: subji*cts before j 
alluded to. AJany j>i(dure,s are rntindy | 
spoiled by injudicious mounting, I 
wliereas, with a #little care and taste, 
their x'ulue wouft be greatly cnlianced. 
The masks I use I generally imrehase 
by the gross, of the standard sizes, ! 
faking care that they are accurately j 
cut and not out of the centre ; and for 1 
ikIJ sizes ] have a lot of shapes made of i 
hard sheet bras-, in. square iiutside, ! 
with the various sized openings, using 
the Woodbury cutter, which is very 
easy, cutting on a piece of ]datc-gbiss. 

As to*\he binding of slides, nothing 
is bettor than thhi black pajier—not 
the ordinary so-called needle-paper 
that is generally used. Tiie thicker 
the paper the more easily it is pushed 


off. Many use gum to stick it on with. 
Faste with tile thin paper sticks far 
ht?ifer than gum. The lieat of the 
hinti'rii make.i the gummed paper 
tnmldi' fdV the glas^, wdiereas it lias no 
elfect if piste is used. To make the 
Ijrjjthnl, more ilurahlc, if a little troulde 
is not an cibjecfc, and the thin pa[M;r is 
used, just ]»a.8s a (*amol-}iair hriisli, 
<*harged with ordinary negative varnisli, 
over the* paper, which makes it very 
harl, aiul .taiid a lot of rubbing with¬ 
out getting damaged. (\V, lirooks.) 

—"i'he requisites of a good 
lantern jnefure are :—(n) Artistic <'oiii- 
}>ONiiion, tlie arranging of the subject 
m siuh a manner that as tlie eye 
wanders over it its beauties continue 
to grow, and the imagination receives 
an unalloyed feast of satisfaction an<i 
pleasure. To some extent it is possible 
t>» teach the art of eotnpositbin—at all 
c\cuts, so far that its sinijilest canons 
may escape violation — idit#^- ‘iiu; 
capacity of rendering true art is :i 
gift of nature. (^) Tlie teidinical 
excellence of the picture, its mechanical 
pmductioti. 

'fhe xvet. ]»vocoss yields the l»?.st 
re^ults In many cases. It is at tiims 
somewhat iroublc.some ; sliil, with 
care and <)l>s/^rvation, its difFiculties 
can be overcome, ('ollodion—that is, 
j^ynixylinc dissolveil in ether and 
alcohol—forms the veliicle to receive 
the sensitive salts, and a colloditikn that 
has been iodised some time is necessary, 
otherwise the high lights of the 
jiictiire will sufier. Thiu glass cut to 
the standard si/e i.s taken, tiiid afUu* 
standiug some time in sulphuric nidd 
and water, it is carefully dried with a 
<‘loth free from soap or other grease, 
(inc side of the glas*t is tlicn coated 
wiili the fbllow-iiig solution, which 
inu'it first be filtcrci^ tliroiigh filter 
paper: 

White of c'/g, xvell hcaten. 

Ammonia liquor 0*H80 * .. 1 oz. 

Water, according to quantity 

of albumen.15-20 oz. 

The coating is ]ierforined by pouring 
a small pool in the centre <^f the plate, 
then gently inclining it so that it runs 
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to oarli coruor; the excess niav 
thrown away. So soon as tlie ])latcK 
are dry, tliey are ready for Tise. With 
a soft brush <*arffully ilust the ]u‘e- i 
pared surface, floo<linjj it with t-olloliou i 
in a similar manner, Imt returni>i«r the i 
exce-iS to ilie stock liottle. Tlt%^ is to 
avohl dust, a serious enouiv. lhirini.t 
the draiuiiii: fhe corner sliouh! lie ki^pt 
in eontart with the bottle, and tiie 
plat*’ i;ently roi ketl to aMml .1 stu'aki- 
ness or uneven settinjj <d' the tojlodion, 
Direetlvit is sulli(‘iently stt—tlie best 
test of \NlMch is trxiiii; llu* upp<‘r 
corner uith the finirer—it is stradilv 
and evenlv hiwered into the sensifi^niL: 
bath by means of a dijijicr. 

A ji;ood bath for lantern slides is 
made as f(dIo\vs ;— 

Turc uttratt! of silver 

recrystaliised ,, dO «r. 
Instilled w ater.. I o/.. 

'tendered slightly acid with (M*. nitiic 
aeW^jon^*)!’ t'\o drop‘^ cd’ uiiieli A\ill be 
suliieient for 1- o/. solution. 

When the hath i'. inixetl. for each 
I'J oi. add« oz. of the iodised colloilion. 
and sliake verv thoroiiirhly ; let staii-l 
- I#)urs, then filter. The hath should 
llo^Y bo quite clear and in pood working 
•rder, hut inav oecasion/ill v he iilaccd 

• « X 

in the sun for a few hours, and aftei- 
wards filtered, when it will woik 
cleanly until the silver is cvhau>tcd. 
When the )ilate lias been in '^(duti>)U 
about ii^miniife'., It should ho sliphil\ 
moved to help the escape ot the solvents, 
and in ahcnit 4 minutes may he e\- 
amined by yellow lipht. If the surface 
is free fron^greasy lines, it is ready for 
exposure in the camera. 

A pootl negative is lU'cessarv for a 
Kuecessful slide. It should hc“ plucky,’* 

) as to atluiit of a fair exposure. 


L'f pr. 
1!4 


n 

J uz. 


1 


good developer is 

> 

imule 

as 

• 

Protosulphiite iron,, 

4 

oz. 

A< etic acid 

0 

•1 

y 

Honey *. 

1 


Alcohol. 


19 

Water . 

t 

8 

>9 


Use plenty of developer, and cox'or the 
piate^ln one ^ven wave; never mind 


sjiilling a little, though praidiee will 
eii.’ihle you to avoid this. As soon .as 
all detail is xvell u]i, thoroughly wash 
and intensify wdth— 

Pvropallic ai*id 
(htric acid 
Acetic acid 

Wat(>r . 

Iviiviigli to cn\iM the plaid is taken, 
to w hicli, imniediatel\ h(‘tore ii\e, a few 
diops of tlic silver I'atli are added, 

[lo not nver-iiiteiisify, as the picfuie 
iloes not loM! mmh in fixing, for vxhich 
operatii'ii hyposuljdiitc of soda mav he 
used on the irround of .safety, hut 
i•^a^l<!e <d potassium acts more quicklv 
aii<l jteihaps more cleaniv. Slides hv 
this process are a good cidor, and do not 
iieetl touintr. A coat of clear varnish 
impiovc'* th" tran-'jiareiicy of the 
shadow s. 

Whether printing in <-ontaet or Itv 
means <d thi* camera, 1 strongly lec’om- 
uiciid a full expiisure. (lolatine [daten 
are sine to shoxv fog if hu’ced, and how- 
evi'V siiglit that mav he, it shouhl eusuie 
their immediate lep-idion. Indeed, it is 
well to select a really gooil slide as a 
standard h(»th as to density, tone, an I 
clearne-'S in tin* high light', and those 
tliat <lo not come up to it should not he 
kejd. Tor dry jdates I }trefer a .soft 
negatixe j‘ull of detail. Jf the skies .ire 
not sullicieiitly o 2 »a(jue, they must ho 
st<»p[»ed out. 

The Roliifions lequiretl are It) ]ter 
* eul. ones of the following ; Pyrogallid, 
bromide ttf potassium, ammonia, car- 
honaie of ammonia, a.nd carbonate of 
potash. The ]»yro is mKed as fiilloxxs: 
4 <*/. sulphite of soda are di''Solved in 
boiling water and rendered acid willi 
cltru: acid. The jn ro is then ndiled, 
and the whole made uji tt» 10 o/. xxdth 
water. The otiier clu*mic:ils arc simply 
mixed with xvater, iind all will keeji 
well, A developer giving a beautiful 
purple tone willi I^Iawson’s and Thomas* 
jd.ites is— 

Pyro solution .. oO iniifins. 

Bromide *• .. «b0 

Ammonia .. .. ilO 

Carhimate ammonia IlO 
Water to make up to 1 oz. 


>» 

•*7 
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Tlie t>:ime colour can be oi»tainc»l with 
Fry’s plates by t>li;^htly iiicrt*.'i.siug the 
exposure nn«l hromi^lc, while a fine eii- 
irruvinir black is crot by shortoninsi the 
exposure, iiuTcasiurr the ammonia, an*l 
leaving out the enrbonate ol‘ aninnmia. 
Sopia is obt.iiiKsi by f‘n)l o\]io-,ure ami 
usin<; carbonate ()f pota-h or st»la iu 
]tlace of’ ammonia; but some makes of' 
j»late will not \ielil tlie M*j>ia 

While the plates are «b'\elopinjr» keoj) 
them in moti<'U ; it a-Ms to tlnar \ ii;our, 
aiel avoiiU tlatiiess, an-l j)re\fnt^ ileposit 
settlinj' npcu them. At'ler anti 

moderately washiiiLT, tiiey may beclearcl 
in — 

Alum . » 

(htric acid .. 5 „ 

Water . iM j, 

Ti»e addition iif li oz. )jrotoi^nlpliate of 
iron and J <iZ. mrtre of <'itri<' aeid will 
eonsider.iblv moderate tin* tone, and bv 
sliirhtlv redufiui; tlie slide increases tlie 
elcariiiiss of the hiirh lisrlits. Jf anv 
dejiosit appears upon the siirfae**^ riil) 
gently with tlie linger or a tuit of entt'm 
wool. The slide is now well waslied, 
allowed to dry slonly away from du'.t, 
and then varnished, (h. II, .la|m;s.) 

(^) After your negatives are dry, tin* 
next step is to make a binfern trans¬ 
parency from them. The irctiioJ is vtuw 
bimple, A ;5J- by gelatino-bromide 
]date is exposed behind tiie negative to 
th<* light of a good gas-lainj) for 
SPCoivK, as the ilen.sity of the negative 
may require (»» second", is the rule l»)r a 
tjOfMl negative). I)eA‘(do]» wdth ferrous 
oxalate, to whi*h a httlo chloride of 
aininoninm may be a ided (‘1 drops of 1 '^ 
]»er cent, solutiem to 1 o/. of tb^veloper): 
iiXf wash well, inimei.>e inalnm solution 
madcsiightlyacid with hydroehloricaeid, 
wash dry, aud mount beliind a piece of 
good clean glass, (11. 1*. II.) 

(c) On dry ]>iatc^.—All the manijiula- 
tions can be carried on in the evening, 
with much greater ra]>idity, as well as 
econoii^y, tliaii any other method of pro¬ 
ducing pictures. A perfee.t lantern slide 
must possess two qualifications, viz., 
absolutely clear glass in the high lights, 
and, when held up to the wi;idow with a 


ground glass or other suital)le baek- 
groiiiiil, full and distinct details in tho 
.sh.idowN, For contact printing (which 
is the inetlmcl largely ]n'actised), tho 
followingslu)nld be jUMvided:—Oneglass 
))an (t by b) f^r developing; two glass 
pans (b by 7) ; as tlu'sewill hold two 
plat(‘s .-aeb at atinu*, tliry xvill often bo 
fou!ul Useful wlieii fixing and clearing. 
It frequently liajipen-^ that the first 
plati‘ IS n"t entirely fixe*! by the time 
the .second is ready to lie jilaced in the 
liyjio.; hence a large tray is quite 
essential. One deep jjrinting frame. 
A student (tr other kerosene lamp, \.‘ith 
a porecbiin shade, is the best ffr making 
tile exposure, and a de\eloping lanteru 
yiehliiig plenty ttf diirn.scMl ttrange- 
eoliuired light IS <‘ssential f<»r the dark 
room. Ill tin* dark room the negative 
!.•> now ]»l.i<'o<l in the printing frame, 
and the Imx of sensitive plates is oj(i‘m*d ; 
one is then laid upon ilio faec of tlio 
holeeted portion of the negative niofJt 
siiitaide f(H' a slide. Next ..lie 

fiMine nj> in front (d‘ the orange- 
eoloured l.'in1''rn, to obtain the correct 
! adjustment of tin* slide with referenee 
\ ti> tlie pitture, and carefully keep the 
I jdate in jiosilinn \.'hile laying tlie fr.^inc 
I down to put in the pressure board, it 
i.s now roadyfor exposure, wln<!h bhould 
be maiie with the frame lixeil at a dis¬ 
tance of about VJi in. from the lamp, 
tkmsiderable latitude is allowable iu 
ilic duration of the exposure, provided 
the develoje*!’ is made to corr^jspond to 
it. A long exposure, l,'j-40 seconds 
(according to the density of the JU'ga- 
tive). with a dilute developer is the most 
snitaido, yitd<liiig warm bruAUiiSh tones 
with fine detail in the shadows. 

After tlie exposure is made, the plate 
I i.s (lexu*loped in tho dark room, with the 
following solutions, prepared after 
fkirbutt's fiu'inula: 

No. 1 .—Iron. 

Water . 4 oz. 

Sulphate of iron .» 480 gr. 

Dissolve, filter and add 
Sulphuric acid 5 drqps or minims 
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KO- 2.—OXALATK. 

Water . 8 oz. 

Sulphite of soda 

(rr\>f:iU) ,, 12(> s:r. 

Citric :u*id ,, .. i;r. 

I'issolve aiul add 

Neutral oxalate of potash ,, 

Now test witii ))liie litmus ]'a]»or; it' 
it reiimius blue, add a few dnip.s at a 
time oi'a tilroii<; Milutioii (»r ritru' and 
until till* j>apcr turns faintly red, then 
add 

Citric acid .. .. 

Bromide of j^otassiuin 1*' „ 

And filter. 

No. X —l'ixiN"o lU'iir. 

Hyposulphite of soda 1 o?,. 

Water . 5 <*/. 

The developer sliould he ini\etl as 
follows:— 

No. 2 (Oxalate potash 
‘ ^ Mdutioa) ,, .. 4 o/. 

Tu^. hi(‘^«idd 

No. 1 (Ironsidulion),, 1 oz. 

And then dilute with 

Water ,, 1 to oz. 

The development will he slow, and 
F shomd he coutimied until the details 
are fully out, and the iinaj^e distinctly 
seen on the back of the jil.ite. After 
dej'idopincnt, the plate is well waslicd 
in running water; and placed in the 
fixing bath; aiioflier thorough washing 
is necessary, then it is iinmcrse<i for do 
seconds in. the following :— 

ChBAIUXO SOIAHIOV. 


Alum .JOOgr, 

Water^. h ox. 

Sulphuric acid ., 2 dr. 

Again wash the plate thoroughly, 


and fini.sh by holding it under the tap, 
while passing over the face of it a 
broad camel-hair brush, which will 
vwnovc any adhcriiig particles of sedi¬ 
ment, The ]date is llien jilaced on a 
negative rack, and should be thoroughly 
dry before being mounted. 

Abandoned negatives, with the film 
cleared off by boiling in water, can be 
ntiliBed* for the projecting glasses by 
boinji^eut up ♦© the proper Mze. Care 


shouhl lic (alson to UMi glass free from 
or liuhbles. (.1, K. r»nihh.) 

{(!) The advantaires of the c:\rhoii 
jivoccss arc twofold:—(1) Al»M»lute 

I control <tver the tom* of the trans- 
p:m‘ncy ; (J) purity of the high lights. 
To ensure this l.nttcr, however, one j»re- 
' cauti'iji ia ncee.ssarv, naiiielv, tliat the 
. room wheie the tissue dried imi.st not 
1 In! warmed by iras or lamp*?, unless 
I means are ]U’ovided for carrying olf the 
j pujiluets (‘f comtiiistioJi. If they aie 
present in the air, an insolidile skin is 
fonneil on the tKsue, and the high 
lights are cou.M'fiucntly degraded. An 
actinometi’r is necessary as a guidi* to 
exjuisuje, and in most earhoii ]»niiting 
witiks one is usually emjdoveii by tlm 
pjinters, hut not always. 

I Woodburvt\ ])e is es]»etially suitable 
ft>r lautiTU slides. 'J’he leliei is simply 
a earlion print; Init tiie tissue, instead 
of being higlily chargeil with loiour, is 
only lightlv tinted, the objei t being to 
obtain as great a thickness as ])o.ssihlo 
ill the shadows, so :us to facililate tlie 
printing oj^erntiim.s afterwarils. Skill 

IS here re(|uived—not oJily in the pre- 
jwu'afioii of the tissue, but in drying tlie 
developed itdicf. Tim advantages of 
tliis proce.ss are that, once a satisfactory 
ndief is obtained, any number of print¬ 
ing moulds call be secured from if by 
pressure in the liydraulic ju’css, from 
each of wliieh number.'^ of jiriuts can l>e 
obtained of the exact tone and dejd.h 
ib’sired. It lias the further advantage 
of allowing of a considerable anumnt of 
retouching. Km* instance : if the nega¬ 
tive be full of pinhole^ these proiluce 
little raised points on the relief, which 
can be cut down. <bi the other hand, 
if tlierc be any black spots on tiic 
■ negative, lliesc form raised ones on tlie 
; h'aden nmnld, whicli can also be cut 
down. These advantages are shared by 
staiinolype. All spots an? touched out 
fully on the negati\e, and from this a 
positive is made, in which tliey show as 
white spots. From this posU-ive a 
^‘relief" is produced, in whitli these 
white spots will he raised ones, and 
can, therefore, be cut down before the 
tinfoil is applied. This process has the 
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further .'nivanta^p tiiat the positive can 
l)p either direct (of the same size as tlio 
original negative) or copied in the | 
camera of any size'; hut it also sliares , 
with the Woodhury profess the draw- j 
back of only being economical when j 
considerable iinmbers are reqtnred. ; 

IN'rfert lantern shdfs are realised j 
from g<'Jatine jdafes, cither l>y dinct 
contact ]innting in* in the camera, 1 
combinin'^ imt only pcrtci t tran-p.ir- 
en<*o, blit everv irradation of lone tiom 
the warmest chocolate to the cohlest ! 
black. 

I'he davs of coHimIioii fur ontdimr ; 
work are iie.irly gone, and fur lantern 
slides they are certainly numbered. 
Their cold lone might be pa>st d t»ver, | 
or, perhaps, improved; but their fatal 
defect is tlie diiliculty in obtaining due 
tvaiispareucp in the shadows, ti-datinf* ; 
jdates for the amateur seem to piS'sent , 
the greatest niiinlier i*f advantages oi j 
any process, and there is no reason why | 
—Ibr amateur work, at any rati*—a 
larger camera than .*1} in. Mpiaru 
should be needed. lather from the 
negative an enlarged jjrint dirci't may 
be made, or rr<*m the positive (or 
lantern slide) an enlarged negative 
might he jiroduced of sullicient siiarp- 
ness for all jiractical purposes. With 
the ortliuary laiiteini, the cmi'lciisf-r.s, 
being 4- in. in diameter, an; largi* 
eiuuigii to coviT the elfectivi! part of 
tile in. stpiani ]dcluro, wlnle, with 
a veiy little modification, enlarged 
negatives «|uite e(|nal to fnll-si/eil 
direct negatives might be produced* 

It is often complaiiieil of enlargo- 
meuts that they lack crispness, and 
nieloubtedly Ibis is freijuently the 
fact. liut is it due to inherent defects 
in the process or defeidive nianipnia** 
tion ? To commence : how many nega* 
tives are themselves sufficiently crisp to 
bear examination with the ordinary 
focussing eye|dece. Jf they will not 
bear this amount of amplifcation it is, 
of course, impossible to produce sliarp 
enlargements from tliein. On the 
other hand, sharp photogra|>hs have been 
produced of minute ol)jerts, such as 
diatoms, in which the amplification has 


been carried to tlioU''ands of dinmeters, 
A magnification of upwards of lOO 
diameters, with a degree of sharpness 
still requiring the md of a magnifier tc 
distinguish details, is within the range 
(»f the common microscope objective; 
and, having repeated the experinieut 
witii difVoreiit objtctivos and the .same 
success, I liavc no hesitation in saying 
that there is no reason why negalives 
should not i*e satisfactorily enlarged to 
any evicnt. (<1. Smith.) 

(c) Albumen process-^It may be 
interesting to many to know the oM 
.svsU'in of working, so that they can 
realise the dilliculties attendant upon 
if, which gave rise to so much pre¬ 
judice against the albumen process, 
particularly amongst amateurs, Ac¬ 
cordingly, before commencing the 
lied ails of tlie modern method, wc shall 
digress for a moment to give a brief 
outline of the old ]>rocess, so that tne 
more recent improvements ‘may 'fne 
better be understood, and therefore 
apprci iated. Jii the earliest methods 
the plate was coated with plain un- 
lodiMMl alhuriien, an I tlien dried. The 
iodising <if the film was afterwards 
eflecfed hy exposing it to the vajiour of 
iodine, in the same manner ns in the 
daguerreotype ]»roce 8 R, until it became 
decidedly of a yellow tint. It was then 
Kcnsilised hy iminersioii for a short 
time in a solution of nitrate of silver 
strongly acidified witli acetic acid, 
similar to that employed in the calo- 
type process. An iniju'ovcmeut oik this 
jdan w as ellected by adding an iodiite to 
the albumen itself, which simplified 
matters coiisidenility, as it di<l away 
with at least one Iroiildesoine and dis¬ 
agreeable operation. The method of 
woikiiig was this;—A certain quantity 
of alluirnen was taken, ;ind to It was 
addfd fbi* proper proportion of iodide of 
))otahsiuin. Tlie addition of bromide 
was alsD made hy some workers. The 
wliide was then whisked into a stiff 
froth, 'I'he directions usually given 
for this part of the operations were that 
the albumen .should he whisked until 
the vessel containing it copld bo in¬ 
verted without the contents ruAiing 
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Imt. After staniHnsJ some hours foi 
th<* ;ilbuni<*ii to subside it was rcailv fbr 


use. 


The plates wore eoated in the itillow- 
inir manner:—'I’liev were lir.st aflixed to 
a ]>lato*holdor, whirl) <‘onsistcd of a 
jiiece of ^uttaperclia fastened oTi the 
end of ii fiticlc, as pneumatii' ])late- 
iioltler- liad n<»t been invented at th.it 
period. Tlie cnlfa]^ereha >\a.s made 
stifAv b\ ineltinir it in the ilame of a 
Spirit lump, ainl tlu* jilate aitaehed. 
The albiiineii was now pimred on and 
thstnbuted, and alterwiwds etpialised 
by iM^ntnl'uc^al fmee, by ^ivjue the 
jdales a rapnl rotary motion b\ ^]nn- 
nim» llie slirk helween tlie !inL^er.«. 
The plate w'as tiien detaeiied, and pul 
into the dryin-jf-box. Tins fiinsisled of 
a bo\ fontaiiiimx a nuiiilu'r of ero»»ves 
into wliieh sl'i Ivi's of ptiliJlls \\ ood fitted 
iiori/wonfally, tiie bo.\ beiioj; mounted on 
le'foliiiii; screws. rrevionslv to usiiie 
oo e ^be^ves were leuupveil, and 
placed, together with tht» bo.x, either m 
the sun or in trout of a liie t«> tho¬ 
roughly desioeate them, so th.it the 
Wood siiould be rendered as al>sorl»ent 
^ as ]»8sMlde. The sliehes were now re- 
]da(eil in the grooves, and the bo\ 
carefully IcvellcMi. It w'as then ready 
for the reception of the ])lates, which, 
it will be seen, w'cre dried entirely by 
the inoi.sture from them being ab.sorlied 
by the W(mkI of the slielve.s and b^ix, 
■Now it^is clear that if the bov were 
not aceurately levelled, oi* if the shelves 
luul become warped, the films would be 
of une4|ual thickness, and the jdates, 
con.secjuentl#, useless. Up to this point 
dust was the greatest enemy, for the 
smallest particle settling on the film 
was aliiuist cert.iin to cause a spot, and 
it will be noticed that up to this time 
the plates wore always in a position to 
favour tioatiug pa^'ticlcs coming int<» 
conla*‘t with them. The sensitising 
W'as effected in a bath of aceto-nitrate 
of silver iu intioh the same manner as 
at jiresent. JJut the development was 
materially ditferent from that now prac¬ 
tised, inasmuch as the picture was 
brought out with a saturated solution 
of galRe acidji with a few drops of aceto- 
6 


nitviite (»f silver adpled, instead of, as 
now, w’itli pyro-galhc acid. The time 
orcujnetl in t he dc\elopnieiit of a jfn-ture 
bv irallii* acid was rarely much less than 
i hour, and it frequently took as ninch 
as 2 hltur^ if it were at all undor-e\- 
jujsed. I5iil,hy the method alnuit to be 
described, it does not take much longer 
to d<‘V(do)) and tiv an albumen than it 
does a g<datine jiiate. 

Having thus gi\en a sliort outline ot 
the (dd-fa>liitined .ilbunu n [uocess, we 
^li.ill ju'oceed with the details of the 
pieseiit .''^stem of working. In the first 
]ila<e, w e coimiieiice willi tlie prepara¬ 
tion of the albiiioen itseJr-~s.t\ lo o^, 
'fill'* Will ntjiiir«* I'J-lo eggs, .iccoidmg 
to tlieir M/e. The'^e. if available, should 
]»v ])referenc(‘ In* “new laid,'* though 
good Fremli eggs will auvw'ei nearly, 
il md quite, a** w*t ll. 'fhe eggs must 
be broken, and ibe wliites carefully 
jauired awaN Iroiii the \olks, keeping 
the lattiT in the sludTs. 'fhe germs 
should then be separated. To !<> oz. of 
tlie albumen, ^ di. glacial acetic aci*I in 
4 oz. water is added, and the wdiole 
intniiately mived by stirring with a 
glass rpul. No attem]it siiould he made 
to eause it t«> fVotii, which ifibnn* would 
give rise to trouble ; J niinute^s .stirring 
In all that is necessary. Tlie a<‘id will 
]H’oduee a jirecijdtate, and reuilor the 
albumen exceeiliiigly finqi. 
stamling a fewr houis, it is passed first 
fhrongli a piece of uiusliu to remove 
the coagulum, and afterwards filtered 
tlirough a piece of sponge jilugged in 
the neck of a funnel. filtration, 

40 minims of ammonia, *880, i.s added, 
which cause.s the albumen to regain 
mucli of the viscosity the aciil had 
destroyed. Albumen thus ])rep:ired 
will keep quite good for many months, 
if jueserved in well-corked bottles. 

For use, the all>umcn is iodised by 
iuldiiig 1 dr. iodide of ammonia dissolved 
iu J oz. water; sometimes 10-12 gr. 
bromide are also added. The aljjumen 
being -ready, we proceed to coat the 
pl.ates. For this jmrpose some old 
ioilised collodion is required. Any 
commercial sample that has bcei- 
iodised for a length of time will answer, 
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provklcd it yield an even and structure¬ 
less film. If it lie very old, it >>ill 
pos^ilily ijive a tliiii an<l fi'iider tilni, in 
vhioli CMSe a little tVr.sli ]*yru.\yrnu» ; 
miiht le added to ^dvo it lody. | 

The ^lasd ]»lales ]»t.'ini:f tlioruu'jlilv 
<-leaiit*il and ready t<> Inmd. oiu* is taken 
anil ('oalrd with the ndirnhon. Alter j 
this lias hecu allow cl to -.ot, the [date j-, ' 
innnersed in a di''ii '*( niimmin water, ' 
wheio it is alloweil tn lein.un, with , 


The formula for the sensitising bath 
stands thus:— 

Nitrate of silver ,, 2 oz. 

I>istilied water 1 jit. 

Iodide of |iota&-'inm .. 5 gr. 

/Harial acetic acid 

. tJJ 07. 

’fhe method of mivinu is as fidlows: 
—Fij’ 1, tin* iodide is dissoUed in tlie 
waltv, th'‘U tile mtrate ni' silver ij 


ociMsitMial agitatn'ii, miiii all gicasiiu*^^ ' 
lias di-):i|i|H*ared. it i'. then rinsed under ' 
the tap and placed standjiu^ mi a pad of 
ldottiiio-pa[MU’ to drain, while aiiollier j 
plate iieilig <ollodioui>t‘<i Now t ike [ 
the drained [date and ]M>ue over it, : 
liegiuniii'^ at ouo en 1, a littli* of the 
iodised alhunieu. Flow it over in a : 
wave, so to carrv tlie Mipi'i’lltioU’. j 
water belhre it, wlinli, with tiie alhii- ; 
men, should be allowed to run olf into ' 
the sink. Praiii the ]date somewhat! 
rloMd\, and a|»])ly a second lot of albu- ■ 
men, avohlin.; airdmbbles, and Keeji it 
in inotiou on the [date tor } uminuleor > 
so in order that the allmmeii may pern*- | 
tnite into tlie eidlodion idm. Then pour 
<Ui into a measure, and stand the jdati’S = 
in a r.iek to diain. 'I'he si-eond hit of 
allminen from one ]>l.ite will do for the 
first ajiplieation to the ne,\t, and so on. ; 
r*y this means the albnmeu will be ■ 
economised. { 

After cl <lozen plates have been coated, | 
take tlie fir»t oni> ainl hold it in front 
<tf a <’lear lire until it is dry, and so, in 
turn, with the remainder. When the 
]dates are dry. it is a goiKl plan to make 
tiiein as hot as the liand can bear, for 
this treatnnuit will prevent the films 
from blistering in the after o)ierati(ms, | 
whicli otherwise they may liave a 
tendency to do wdth some S4in[de3 of 
<Mdlodion. Instead of diying the plate's 
by the fire, some jirefur to allow them 
to dry sjiontaueousty ; but, in this case, 
it will be found a good ]dan to make 
thein^ thoroughly hot, for the reason 
just mentioned. Plates thus [ireparc^l 
will keep for years if preserved in a dry 
]daee. It need scarcely be mentioned 
that all tliese operations may bo per¬ 
formed in open daylight. 


adtied, and tin* ulndo is well stirnul 
with a gln.s-i rod until the silver is dk- 
s»>hed. 'I'he solnliou is then filtered, 
and, linallv, the acetic arid is added, 
when tile bath is ready for use. The 
ol»ject of adtling the itidule is to 
saturate the bath with iodide of silver, 
in order to pi event any of that salt 
being dissolvetl <mt of tiie film after it 
Is once foi med, wInch otherwise might 
lia])pen. iSutlicieiit of the solution t» 
co\er the jilate t() be sensitised is janffed 
into an ordinary di[»|>iiig blitii. * fhe 
[dates are then immersed (with the 
[ire(*autioiis usual in the W'et-collodion 
pioeess) for a [jeiioil of J*l minute 
onlv. Ill summer, when the solution 
is warm, seconds wull be nmijlc, and,, 
in winter tlie longer time may be 
allowed; but it should never be ex¬ 
cluded, as the sensitising takes ]>lace 
very rapidly, ami a longer time than is 
neressa'-y is liable to affect the jdatc 
injuriously. 

Piy Continual use, tlie f)ath will 
hecomc discoloured, as does that em¬ 
ployed for sensitising albuineuihed 
paper. It may, h<iwever, be de¬ 
colourised by simply shaki'Jg it up with 
Si little kaolin, if the bath be much 
Used—or if it be allowed to stand in 
! an opuu ve.ssel wdien out of use—tlie 
; adtlition of a small quantity of acetic 
acid from time to time will be neces¬ 
sary. Some operators prefer toem[doy 
a new solution for each batch of [dates. 
In this case, the plates are usually 
sensitised in a flat dish, when, of 
course, a much smaller quantity of 
solution will suflioo. When the plates 
are taken from , the bath, they are 
placed in a dish of di«l.illed waW to 
remove the major portion of 6ie fr®* 
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iiitnito, after which thoy ai*e thunMighly 
wiihluMl uinler tlu: taj^ to oliiDinatc the 
reinaiiuirr. Thoy are thou roare<| up ; 
on a ]»aii of hlotlin-.^ to ilr.tin, ’ 

ant! art* afterwaHs dneil. j 

Tlu* drying may !u* at in ; 

any of the n<etl ihr ei latme | 

jilatrs, and, a*^ the lilni’is vt-ry tlnn, it 
‘loos iKtt lotain much inoi^tuio: tloit- 
l«»rt* tin* jiialt's tlry very mm h <[iinK(r 
Ilian (h) gflatiio*. man} wlio tlo 

not priipei‘l>-rtoisf I ot tod tlitniv, 

Imimjpi, <tr tMip)M»ar«ls, mav Jiho 1" ti\ 
the .dhiiiiieu pi'ticch.-., it. mav h* non- 
tioiiod tliat one, suitaldo tor tiu- ]»u]- 
]»o.se, m.'i} he o.Ntomp.-iisod 1»\ t.ikni’’ 
an ordinary lKt\, or |taokuig t.isr*, ami 
placing it lu front td' tin* lu'o lor an 

hour or ht) to iiu>rou;rhlv desiioato tlio 

# 

wotnl. Ill this oa^o tlu* platos arc 
)dai ctl t*n stnOu tlry Idtjtting-papor, anti 
ili a lew Imurs the plate.swiil he pci- 
dry, the moisture from them 
luiMUg U*?n al soi’hed h) the dchictMlt d 
Wood, We have ore now imctl a 
(■“iniuon hulbt'v when anvthing mou 
suitahii* A\as not at hand, Jt ni.iv he 
as w^il to mention liere, tor the mlm- 
#inati<m of those who have iiexor pie- 
parod albnincu plates, tiiat if must not 
lie expected that the tiliiis will In* dcime 
and creamy like lluise of gelit.iie, «r 
even of wet collodion, as they au- 
always very thin ami transparent. 

Vriiiting the transparencies max be 
cfl'ectetl either in tlie eaineia or hy 
superposition, the latter being tlie 
etliod usually followed ; hut if the 
negatives he a dilferent si/e t<» that at 
the required^li le, the camera must he 
used, uiul witli it a lens capable of 
giving gooil definition with a large 
ajierturo. For, compared with wet 
collodion, tlie albumon pioces^ is slow', 
and ill comparison witn gelatine very 
slow indeed, althoujfh it is not so slow' 
as the gelatine chloride process. Witli 
tlie camera the ^xpo.sure will nei'essarily 
be somewhat long, and, as a rule, wheu 
prolonged exposures have to be given, 
the colour of the image is rarely very 
satisfactory, • 

In wintixvg fiy sujierposition, either 
diffusea daylight or artificial light— 


hUcli i\A a gas flaim' or a pnratlin lump 

—may Ijc employed. With regiud to 

lh(* tmic of exposure little <\ni be said, 

•w all will l^e di'pi'inleut the 

source of liglil employed, the distanre 

1 lie plate is placul tr'»m *il, as will as 

U]M*ii the diMisity of the negative itself. 

'f iM'rethre, t lie e\ jiei i mental must 

deteimilie Ihi^ matter t(»r imiiself. This 

lie can »‘:i'i!y tin hv txp*»sihg a or 

two under a Bcgali\e of aveno^e iu- 

hiiMtx, gi\in': tliiiti'ent tiiiu ' for 

dilferent j'erlious <*f it, ami then de- 

1 \eIoiilU'_. (hie or twi> jdates exjios'-tl 

in tJiis wav will enahh* a ^^'rv curicLt 
! * * 

Liiuenl tti be li*rni‘d a.-' !•« the evpt*- 
j sni'e iei(niied in future ti*r everv class 
1 tif negaliM*. Wheu luuc tliis is arrived 
' at it remains constant, becaiinc, unlike 
i the gelatine, each hatch ('.l' aihiimcn 
I iilato.s ju'ciMred may he lelu'd upon as 
lieiug of eipial semiiiilitv. 

^^'e iiow' come to tlie de\elo)»nunt fif 
. the image. This at one j»eiiod wuis 

I treatOtl, ami JU’eservCth as a great M‘rlet. 
'file {levcloping solution, alter all, is 

very similar to lliat usetl ni the wet- 
coih'diou process Iiefoie tlie iron de¬ 
veloper was iutnulucetl, «*\ee]d that, it 
contains a little ciliie and, and that it 
is cnijdoyetl warin. A gond developer 
Is as follow 

Pvrogallic acid ,, ‘Jo gr. 
(ilacial acetic arid.. ^ o/. 

(‘itric acid .. .. lU gr. 
Water .. .. ... K' oz. 

Tills solution had hotter be m:id<' and 
I ki'pt in a Florence ilask ,*'0 that it can 
; he heated ami kejit warm over a sidrit 
j lamp when reipiired for use. 

The cxpo.seil plate is first })lticail in a 
<Hsh of distilleii watt'r, hi*aled to about 
IhO'' F, until it has aetjuired tliat tom- 
pcratiiro. It is tlicn remo\eil, slightly 
drained, and tioodeil with thedevelo]>ing 
solution, which h.us previously beCU 
heated to ahont l.’Jtf—140^ J*. Imme¬ 
diately before tlie solution is applit<l, it 
must have about 4 drops j>er oz. of a 
r> gr. solution of nitrate of silver added. 
If properly exjiosed, the image will 
quickly a]>])oar, and liy the way it 
comes out it may be judged if the 
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<*T|M vv Ii.is Jmhjh rii^litly tmictl nr imf, 
Minilarlv as in tin* «li*\(‘lM|>M)i*t) 
j»l.if<-s l»y .inv utlnT A.** 

lUiiKaiesn \nrvtnin an 1 tr.uisj»r»rfnt, 
tin», ilcnsil V' nl’ tlu* riii enilv 

(*r i»y tr.insinitt(‘1 lii;ht. It 

is ulw’JlVs t(» nlT (n\ tlii‘ siili* nf 

ninlnr tli vn oviT-'liMisit\% In-n in tlio 
hittur Un* \^lIl aiw-n** 

np|K'ir clenisc aii l ln'avv' i»n fin* snrfMi ; 
u hnreas j I’they 1 j«* slightly t hin it in.n »t«» 
sniin* lii‘ rcineln-'l iu fin* toniiiix. 

As a ^uitie in tin* tlfVrlnjinK'Tit, it may 
bi* hnnu* in iniui that fin* in«>ia' jiillv 
t’n* |»ljitns an* i*\jn»s' i aul tin* iiion* 
ripiillv thny arn <b*\<'ln|».'I, n’» al^o tin* 
b'ss silv<.'r c*inpbi\»‘| in tin* ‘lnvt‘lnp*‘r. 
tile uarnior will h“ tin* culnur ni‘ tin- 
iinai^e; vs'lnle the slower the «]“yrlop- 
merit, either fmm the snlutinn la-nr^ 
cold or the ])]at*» un<Ier*ev|»n-.e 1, nr if 
too much .sil\«*i he n^ed, the more tin* 
])icture will a]>]n*o,n’ti an olive-hvown 
lone. 

As the di’V4‘h*pmcnt jn'ocieiK tin* 
tilate imist he c.irt*fullv Watehed for 
stains or fojr. |t‘ any appeu*, the plate 
must at oiire Ite wasln* I an ler tin* tap, 
and the snrl'a« e riihhed witlia pleli^et 
of ((dton won], wlindi will ivniove 
them, d'hi* development can then h»* 
recommeiio'd witii a fresh hatch of 
solution and silver, rejn-atini' the treat¬ 
ment with the cotton wool if found 
iifjcessary. When the clevelopmeiit i*. 
complete, the jdate mu>t ho thorou'^hlv 
wasliecl under the tap to remove nil | 
traces of the jiyrogalln- acid, which, if 
allowed to repiain, would leu 1 to injure 
tlie toning hath. 

Th<» jihite is now ready for ii,\in'^ and 
toning, d'his is u-sually done in one 
bath, which is made lollows; - J Ih. 
hyposulpiiite of soda is diss<ilved in 
^ ]>int v/ater; then o gr. of cliloride of 
gold, dissolveil in *J oz. water, is addeal 
very gradually, and with vigorous stir¬ 
ring. A fter standing 12 hours and being 
filtefed it is reufly for use. Jt is then 
placed in a ilat dish and the plate is 
immersed. The iodide is quickly dis¬ 
solved out, hut the toning proceeds 
slowly—J-J hour or more being fre¬ 
quently required to obtain deep, rich 


I fotn-s. ]»nt much depends upon t) 
r and density <d the image at 
rting. When the lii'sned tmie is 
■ ol»tam'‘d, tiie jilate i.s well waslicd under 
' tile tap, aid alterwanls soaked in jdcntv 
of water. an»i again rinsed to 4*nsnrethe 
entire ivnioval <rf uH traces of the h\ po. 
liideel, ns miu ii care slioiiltl ho he-• 
stowei on this part of* tin* operation us 
in tin* l■a^o of gj'latiio* negnti\es, in 
i*rd* r to oiisure pei mniien<*v. 

' Alkaline gold tuning (after fixing in 
jd.un li vposulphite and thoroughly 
washing) may I).* enij)loyed iiisfeatl of 
tin* <louhIe ii.\‘ui*^ au-1 ttuiing hath ; liui 
tilt* (‘ohnir old aim'd has not been so 
i sati'*fa< torv as by the nielhfid just 
describe I, wIiich istliat used by Furrier 
and Siiulier. (I'rif. JL 

(f). llv contact printing. This is 
cap.dde of piodnnng .sli<l<.s equal in 
; quality to any idln-r mode of ]»re]»ara- 
tmu that an ainat<‘iir, <ir one xvho ^ocs 
ind, make a .s])ec,ialtv of !iq;*h Volk, 
can produce, and is at the same lime so 
simple lliat. any ordinary amateur lan 
ithtain satisfjK'tory I'esnils. 

In tin* first jdace, no dark room is 
required^ as the emulsion ran he pi'Cj, 
pared by g;islight, and no im re care is 
reijuired tlian in the jirepnratiou and 
printing of allnunenised paper. No 
xvasliing of tlie einuUion is n<‘cessarv; 
imleed, as far as the hrilHuncv of the 
slidi’ IS concerned, it. is a disadvantage. 
One ran si*** liow' the piiiuing of the 
slide is going on as well us if it were 
an ordinary aihuineniscd ptqier print: 
and the latter is the greatest gain <d‘ 
all, because we do awayvwith tlio un- 
cei’taintie.s of the blind processes, i. e., 
anv }»roeoss in which liglit forms an 
invisible image reijuiring develojunoiit. 

To A, L. Ili'mler-on is due the credit 
of proposing the addition of ^ neotate 1 
^ catdi of the citrafic and chloride salts. 
Fi*oni some exiierioients he exhibited, 1 
at <uice thought he had found a process 
suitable for the ]trodhctioii of lantern 
slides. After a iVxv experinicDts, 1 
decided to do away with the citrate 
liUcause of the cold tones it gave, aud 
because I could not ebt^in the same 
brilliancy and range of tones iis when 
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I «sL*d acftlato ami rhlorido of silver 

oulv. 

•» 

So f.ir, I have ohtaim*.! the most 
satisfaetorv results hy a line 

sepia tone with the following formula. 
There is hardly anything, ja'rhap'v, in 
whieh the taste of dillerent ju^^ons 
varies {•<» unnh as in the tone of a 
lantern hlide For myself, 1 iniudi 
prefer n warm sepia tone to the eoltl | 
Idar-k or piii)de toin*s. r»ut almost any 
eolor ean fte g<'t from red Du’niii^li tlie 
hrowii shades to ] ui'jde. 'I'lie sodium 
ehlovnie eoin ei ts about 11J ot t lie 'JS gr. 
of silver nitrate into silver rlihtride. 
]ly using a larger pro|a»rtion ofihlmide 
there is far less In’illiancv, and I <lid 
Hot want to iisf a larger amount <d 
aeetafe than pitS'^ihle oii ae<*unnt of it 
being a more iinstalde salt, ami a large 
]»roportior» might adret tin* keepujg 
ijnahties, 

Vijave in»t yet experimenied in the 
diri*tion having an exiess of silvt-r 
nitrate in the iihn. It. is t|inte ptiss'lde 
that we might iiiertase the speed of 
]>rintiQg h\ so doing, ainl hv' adding a 
little uitriii aeid make the plates keep 
well,•the same as with allmnn'msed 
paper, lint we must rememh<*r lliat 
we have a qiiantity <d‘ nitrate of Mida 
in the iiliiis, wiiieh })ri>hahly nets the 
same as the free silver, ht*eause it was 
formerly ns(*d with silver nitrate to 
Bcnsitisa allmmenised ]>a]>er. 

To ]>repara the emulsion, put in a 


small jam ^K/t; 

Chdatine*. 40 gr. 

Aeetato of soda .. 8 ,, 

AVater •. 2 


The gelatine is allowed to swell, and 
1.S then dissohed hy standing the j im- 
pot in liot water. 

In a fe.st-tnhe or small l>otl!e is 
dissolved ; 

Silver nitrate 

Wstilled water ,, 1 oz. 

This is stood in t'uo same hot w'ator, 
BO as to be about the same tenii>crature. 

When.tbe gelatine is ihorowihh/ dis¬ 
solved, the nituito of'silver solution is 
pouret^f into' the jam-pot iu a gontle 


stream, quiekly stirring with a glass 
hkI all the time. 

Into another test tube ]mt; 

(’hloride of sodium A gr. 

Acetate ot sf tiuim .. (] „ 

Water . 1 oz. 

Wlieii disstdved, tills is added to the 
above, tlie stiiring being continued, 

Mcanwliiie --o waterds poujed on 
in Id'i gr, gelatine. Jn about J hour 
the surplus water is j'oured oiV, and the 
gelatine addiMl to the emulsion; the 
contents of th<‘jam-pot are to be kept at 
aftoiit l(Kf' J’. until the wludetpf the 
g(d.i1mc is dis'^olved. Jf is then ]mt 
aside in the dai k for 24 Inmr.s to set. 

The ilctails (pI' iiltcjhig, coating the 
]dates. piinting, an I toning,! will go 
rito Mion, and will now onlv refer to 
oiu* or two jffdiits .ihout the pr«‘paration 
I of the ciiiulsifn. 1 gem rally use a 
■ Swi-.-. gelatine, hut lleiinekV or any 
go«)tl gclatno' will <lo as well j imlct-d, 
this ]U‘»<'ess does ia]»itally tor using up 
samph-s I'f gtlaliiie which are not quite 
up to the mark foi dv\-]d:itc W'ork, As 
to tlie light, 1 jiri'pare the eiiiulsion and 
' (oat the jdates liy the light of a small 
> jiaralhu lanqt in jierfct.1 safety, 
i 1 will n<»w de.serflje the mode of pre- 
' paling the jdatos, piniling, &c. The 
jam-pot Containing the emulsion is stood 
in hot wafer until the latter has th<»- 
I Huighly di.ssohtMl; .J o/.. alcolud and 
' .sntlicieiit water is ailded to make tlie 
ipiantity up to d oz. 

It then filtered. For filtering, use 
ii snuill jtarallln lamp glass with the 
I hotttiiu edge turned ufl (they can Im 
I bought at an oil sho)> for about 2d. 
ea<di). A jiiece of w ashleather or 4 or 
o tluidviu*'id' flue muslin is tied on 
j the hoftoin id' the l.iinp glass. The 
di'-sohcd emulsion is poured iu, aiu! by 
Idow'ing iu at the to]> of the glass the 
emulsion runs rapidU* through, aud is 
then readv' ft>r touting the jdates. 

To cleaii tlie jdates, scrub them with 
a nail-brush and water in w hich ff little 
washing soda has been dissolved; they 
are then w'oll riuaed iu cold wntcr, and 
stood up to dry in tlie racks. After 
they are dry, they are just dusted with 
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npiere of clean washloatlior and stacked 
in a heap. 

For coating sneh Finall platen, the 
host way i-’i wifli a sinall silver toa- 
fipoon, A spoonful of tlio tiniulsi^m is 
poured on the centre of the plate, niul 
can be guided In the edges with the 
spoon if net'essary. 

For ainatoiris or tliose lud accustoiiiod 
to j>late coating, this i^ an inipnrtaut 
pc»int, besides ft nieasure'l qii.uititv being 
}iut on cacdi ]‘late. When the nmilsuui 
is ]H>urcd from a sinall teapot <^Y .similar 
artiele, it has to i>e put <loun and a 
glass rod taken lip. Whih* Inoking after 
these things tlie einulshni i-. iiieanuliile 
cooling, and ])erlnps iiiiining olf the 
edges of llie plate, hut wuh tlie --poon 
the eves need not be taken iroin t)ie 
jiool of emulsion on the plate. 

For levelling the platci after eoating 
do not use a large glass or .shale slab, 
but have some strips of j»lat.e ghiss about 

ft. long and 2 ^ in. wide; tliese are 
stood in rows on a level table or boar<l. 
Suitable strips of glass can be got \cry 
cheap at a glass-cutter’s, Ijecause aii\ 
odd sizes from liis sciajj heap will fhi. 
When a large Hat slal) is usetl, if any 
einul-ioii gets on the fj.a< k of tlie ]»lates, 
they.stick to the slal>, and in the dull 
ligiit of tlie dark room, v\]ieii coating 
ra])i<l bromide plates, this stieking is a 
great nui-vauee. With Ihestrips of glass, 
the pl.ates can bo laid down on them 
without the emiilsu»n running oft’ the 
plates, and can bo easily detached from 
them even if stuck Avith some emulsion 
on the hacks. 

Tlie phites av-c put aw ay to dry in the 
usual wav. 1 never fiml it neeess.arv to 

•r » 

use heat when drying ]»lates on a small 
scale. My drying-box is in a room at 
the to]i of tlie house, the fireplace of 
which is clo.sed uj). 'fhe out hit of the 
dr}ing-bex goe.s into tlie chimney, and 
gets a <'.a}jital draught, keeping the 
window ill the room closed wdicu drying 
plates, 

For^llieso ]>lates any one can easily 
make a lemjiorary drying-box by stand¬ 
ing tlie racks ou a t.)ielf ill the lire- 
grale, and ct^vering a thick <'lofli over 
the front of the lirejilace in the same 


way as a sweep does when sweeping a 
chimney. Then ](lacc 2 or little, 
]>iece.s of wood on the fi<Kir to form 
little inlets between them for the air to 
pass lietween the floor junl the cloth; a 
piece of fine muslin thrown over the 
rack^ wouJd keep any dust, &c., from 
the jilates. 

I'u jirint, the plate.s are put in a 
]U’intiiig-frame against the negative, 
the ^:lme as a juece of albumenised 
paper. One <*an judge how deep to 
print by oitening one-half of the jirint- 
ing frame Itick, and by looking down <ni 
the ba< k of ilio tiMn‘«jparon<*v ; when 
tljo whole of the high lights <»f the 
jdctni'e are just tinted, it will be 
]>rinted deep elurngb. 

Fitnnng the jilates with ammonia isa 
great improvement in every W'ay. Uo 
this by standing a few of the }d:itcs 
again.st t he soles iif a small box. Then 
]Mjur a fiMV firops of amnmiila oiia ]dec^ id 
blotting jsMper, put it in the liottoip oi 
the bo\, which is closed foi*'a .short 
time, and the plates are then ready for 
jiriiiting. 

The gr-s'it difliculty W’ith those 
plates, until roceiitly, has lietm wikhtbe 
toning, dhe action was not only slow,** 
hilt I conbl imt get the warm Urow'ii or 
.sepia tones I w.is trying for. 1 tried a 
nnmlM i of ilifterent toning formula.s, 
but all liail the same action, thougli 
some bleached more than others. At 
hist it- .struck me that I had a slight 
excess (»f acetate of sotia in the film, so 
J tned the gold alone, and.then got the 
tones 1 wanted, and far more quickly. 
The formula was 

f’libtride of gold •. gr. 

Water (distilled) .. 15 dr. 

as the .stoi'k solution. 

Jn a clean developing dish 1 took of 
the 

Chloride <if gitld 

solution.. ,, 8 luiniins. 

Water .. .1 oz. 

Common whiting 2— 1) gr. 

The plate wa*^ put into this toning- 
bath, without wailing, until the image 
lind quite lost its red cHlonr, aijjd w^us 
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th«n well washed and put into a bath 
of 

lIyposiilj»hat,c of soda 1 oz. 

Water.5 o/.. | 

fi»r abniit VTi iniuutos, :uul again well ' 
uashe<l. | 

Lately I found I roulJ tone the^Iates ; 
in about J- tlie time taken ]>v tlie above ; 

9 

bath, by adding aoids t<» the gold b'^forc j 
neutralising with tlie wliiting. The 
bath was made as follows: ; 


Gold solution 

8 niiniuis. i 

Hydrocliloric a<‘id 

2 ! 

Nitric aciil.. 

1 „ ' 

Water. 

1 o/. 

Whiting 

2—-.‘1 gr. 

This bath toned 

the i»Iate very 1 


rapidly an*l e<|uiilly, but re<piii't s the j 
plat»‘ to be rather more deejdy prnited 
than when tlio ai ids are imt nsetl. 1 | 
have not ba-l tune to try any coinjiara- ; 
tiy* test \Mth jti'ints trom tlie same 


having to reverse the letters. Wc can 
vignette or mask when juiuting from 
eitljer the original neg:iti\e or the 
transparency. Jn f.u't, we can build 
up, so to sjieak, the })ieture (m the. 
traijspareiiey as we ie<|uire it, bevausi* 
we ran see what weave d<»iiig. And 
\vih‘U it is ]»evfert, W’O have only to 
print by coiitatt a second or any 
number of neuatives from it, wliuli 
negatives can be printed fioiii on to 
]) iper w ithout nn\ ti(»uble ot‘vignetting, 
etc., for each s(*jiarate piint. And to 
inv inintL llentlei'son’s tli.^covcrv of the 
use (»f acetate of silver with tlie eliloride 
in Uio gelatine lilm for c<uitaet printing 
will lead t(» \cry important resulLN, in 
tin* aid it will be, ]»raetit‘ally, to jdioto- 
grapheis m tlnir t‘vei\-day work, 
(11. S. Stanics.J 

< —. (/i) Use transparent 

coluurs, namely, I'lnssiau Idne, gam¬ 
boge, carmine, \erdigns, madder blown, 


ne^'ativc, as which IkiIIi gives the 
best toites a.td results, and can only 
speak now as (• tlie rajndity. Jt is 
better in»t to print in direct sunlight it' 
tlie Min i.' at all wAvin, as tlie warmth 
sometimes cauNOs the lilms to stick 
slightly. 

There arc two uses for these plates, 
besides lantern slides and triiuspareni ies. 
Ly printing less deeply and backing 
with tinte<i or drawing paper (film to 
the pnper), they do capitally for pro¬ 
ducing ph<jto-erayons. Hut for pro¬ 
fessional photographers, their great use 
will be iu tlu? reproduction of negative'', 
one can not only bow deep to 
print with both the transparency and 
the second*u*gative, but parts can be 
shaded during printing to get details in 
other parts whicli may be too dense in 
the original negative. 

It will be also .seen, however, that 
any amount of “dodging ” can be done, 
I he transparency *tnn be retouched as 
required, any shadow's wliiidi print too 
heavy can be ];odnceJ in 1)ie same way 
ns too dense negatives are locally re¬ 
duced. Tiien Ave can do any amount of 
ioublc jirinting, printing in clouds, etc., 
m the transparency^ Tlie name of the 
I'iew^can he* painted on it without 


indigo, ciiuison lake, and ivory black, 
with tiie semi-trans]>.ireiil cobnir.^, raw 
and burnt sienna, aiid \and\ke and 
('appal brown, tbinning oil colnur^ 
willi ordinaiy megilp to a ilegiee jnsfc 
Millicii'iit for jiioper working, and using 
for a medium for buiiig on the first 
coat of w atev coloiii s gelatine tborougldy 
dis.*?(dved and hot. When perfectly dry 
this ('oat can lie sha<lcd and finisliel 
with water colours mixed in the ordi¬ 
nary wav with cold wal(*r; but the 
mauipiilatioii of tin* added colours must 
bo gentle, so as not to disturb the layer 
lir*'t ])ut <iu the glass. A thin cteil i»f the 
best mastic xarnish heightims the clfect 
(tf shades painted in w'aAcr colours, but 
<dl colours require no \arnish. 

(b) Having faileil in getting re.-^nlls 
to )dea^e myself by dabbing, stroking, 
and many other dotiges, 1 Jiave now 
Miceeeded in getting perfect gradation 
of tone by pouring on a filtered solution 
of eobuir, jireviously ground up with 
“inediuiu/’ in an agate mortar. IVuir 
it on very dark at the lop of the jiictiire 
anil flow it down to tlie horizqp, then 
back again slowly, and allow it to drain 
otVat the edge ; wlieu the proper depth 
is attained, blot otf the drainings fn*m 
the edge; w*hen dry, the outline of (ho 
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impart a knowltMl^i* of cltmd-nialviuix 
altt‘gt'ther by prf<‘e]>t^ so I would 
re<*ouimeud flu* ]uipil to puri‘liasr*a f'»‘w 
>voJI-paiuttMl slidp", ami <»l>s('rM* flu* 
hpeciul moans cnij)loyod ff» obtain stub 
ollbcts as ju'o juoiluroii. Tlir sk\ }»»*iuir 
*‘omplt't(‘d, riMnoYo by ni'-aiis of jiu^ lino 
stump nil paint fitun tlu^ distant bills, 
trees, spire, and imb*ed from e\ery 
pi'l'tloii of the pielure (‘,\(‘f*pt the sk\, ^ 
If tlicre arc distant mountains, < olnur ; 
them willi crimson ami ran sienna, or , 
rnmson and blue, at*e(»rdine to their 
nature, keejung <arefullv to tlu*i/out- 
Hiu's. Obsi'r\e that liodabbiiup ne<'d lie 
Jiad ree<iurM* to when paiutmir the H'>t 
tif the picture, unless it be a sul»iert in 
Avliich tliere is a smooth, unlnokcn | 
]tor1iou, such as a lake or the sea. As ' 
tins IS MI]i}tosed to give a ndiei t loli »d 
the sk\, it must be ]iaintecl in a similai 
manner. (Observe, also, that ewrv 

f ^ 

jiirtien of the juefure must be painted 
hirouger^ and ;n brighter (oloiii's tiian 
Would •Jic ibt* case were if a small 
]Mi‘ture wliicli \\,as to lemaiu and bi' 
viewed as sueb, because by magnifMug 
a in. picture up to 12 ft, the colmiis 
became attenuated bv tJie m t of enl.ivgc. 
mrnf.; fnereforo, the colours mav be 
strongly applied, in the certaintv of 
their being toned down when projected 
“11 tbo screen. To rclurn to tlio 
inouhtains; while llie distaiu'e i-. warm 
and oi a ruddy purple, keep the shadows 
<‘old, esjieciaily in the nearer ones. 
^\hen ])din1jng the mountains avoid 
using the Kriisli in such a way as to 
cause a ridge of paint to form an emf- 
linc, but l.ir as ])osMb)o wiuK the* 
brusli from the margin inwards. l»y 
doing s<> the sky is b‘ft undi^turbi^l. 
this also applies to lret*s, Ftir these a 
gteeu is eniployotl composed of gamboge 
and l*ru8.'»i'm blue. This will answer 
for the greater number of subjects in 
whidi tiiere i.v, folfSge ; Imi the adilition 
ul crimson lake will he iiocessary to I 
ohtain such warmth as that associated 
'\ith autuinnal tints. There are some 
sj>ecimeus of foliage which may he 
fittingly coloured by lake and gainhogc 
alone j but a^udiciftus mixture of the 
wiepnoupd will aprve eyery | 


purpose. It is not as if the painting 
wi're heing made on t]**an or traus- 
]jarent glass. Here the foliage is com¬ 
posed of shades more or b-ss dark, ami, 
wh.it is of imjiort.ince also, of a tone 
that ma\ range anvw'here helvveen a 

k • 4J 

>\aim iuild\ brown ami a cold black, 
according to tlic mctlmd adopted by ilie 
jihottigi apher in fomng. And fins 
rcmlcrs it iiij[j<)sMlile to sav deftuifely 
\^llat pigments ou^bt to lu* employed in 
I jiainting them, lltlie foliage be .sombre 
ami heavy, the gamboge should then 
jiredomiiiate. This a]>pl]es also to a 
grass lawn or mc.adou. All Miat will 
be rei|!nr<‘d for tlic trunk of a free will 
be to waim it u)» witli burnt sienna. 
Well tliiniHMl. (,I. ,1. Houston.) 

(</) When preparing jdudograpbii* 
tialispaiaiub's lor colouring, <io imt 
treat them in preciseh the same wav 
as if iiitcmied to lie ii.sci] w itliout <‘olour. 
If you examine a hue dide, by anv well- 
known inakor, emliracing rural sceiien 
with much lolurge, it w’lll bo tbund 
tliat w loneas in naiuie 1be foliage was 
green, of a nion* or less bnglii iine, in 
tlu‘ pljotogra[)b it is many siiades 
darker than it should la*, owing to the 

niimlM'r and density of’ the atoms of 

• 

tlie siller comjiosiug the foliage, this 
being the i*asc to sudi an extent .is to 
preicnt the green jiiguient from show¬ 
ing at all. 

This is unite a ditVeront matter from 
j painting a photograph on paper or 
I fiorcelani, hir, in these the blackest 
[shadows or heaviest foliage can be 
I lighted nj» a1 jtleasuro by the use of 
I ojiaifiie or body colonfs, or hy mixing 
I a little llaki'wliite with the transparent 
]>igments which aU»ne are aji]»luuhb.' to 
transparency jiamtiug. IWit if, in a 
trausjiarciicv, lecourso were had to tliis 
procedure, it wtnild make things worse 
tlian before, for the luminous c^juivalcnt 
of jlake white when nj'plietl to pajier is, 
in a transparency, t)ie tliinning of the 
ilejui'.ited silvi'i’ so as to allow more 
light to he f ransmiftod, the tfhich of 
]Uire white light given to form the 
highest light ju the one finding in the 
other its equivalent iii the <‘omp]e+e 
roinoyai of the iipnge l>y the ppedl|) 
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point or penknife, so as to leave notliiii^ 
but bare ylass. 

To one who h is had some exporienet’ 
both in iuakiu <4 and colourini; trans- 
parencios, it is not dillicult to <'I>tiiiu 
the best class oC phototri-aph fir reoeiv- ^ 
in" colours with eileot,aithoiic;h it may j 
prove (liilicult todosciihc the character¬ 
istic features of such j'hotoorajiiis. 
Perhaps the best idea will be rouveved 
by sa}jiig that it ousylit to >a» ’‘out¬ 
lines,** and e\en its outlines siuuild not | 
l>e too dense. A very brief exposure 
and rattier lon'i; developnuMit allbrd the 
keynote tin* nature of the inani|>u- 
lations reijinsite to .secure tlie be^t 
cfiect. 

Plates yirepared liy the olil-fashioiied 
tannin process, aii<l developed h\ aeid 


1 hax'e also employed, xvith the 

Efreatest clei^rce of success, a solution of 

alhunieii composed of the white of an 

l»eaten up with twice its volume of 

water (o^cetlier with 10 drojw of am- 

nu'uia. After the fmthy mass has 

settledi tlio cb'ar liriuid is poured off. 

1'o use It the tran.sjtarency is lloofletl 

with the lifiuiil, which is tlien drained 

(iff at one corner and the picture iin- 

nii’diitclv iuimcrsed in a trav of hot 
• ^ 

WMt(‘r, Liu* tenijM-rature of which is but. 
little under the boiliui^ point. This 
, C(ta!:cnlat<'S the albumen, leavitu' it not 
i “Illy of a “lassv ileorec of brij;iitnos‘<, 
but li'ovhlu'rl in sMcli a manner as to 
I render it unatleided liv cither water or 
oil jiaints. while it is su‘'<-eptilde of the 
! nio-t delicate tmnhes <d’ another class 


j»yro and .sih er, j^dve an ellect poculiai IV | cd' piejnieut, wliich 1 shall ilescrihc 
well adapted for reenvin*^ colour iii , before concludiui'. 

the hi^he-t style fd* the art; hut the ! d'lie (piestion now’ arises: What cbi.ss 

ex])0sure musl l»e short and tlie do- of colour is best for tiaijs|iarency prini^- 
veiopmeiit forced. When the jucture iu^—nil, water, or vavnisli ? TWs 

is laid facedown on a slieet (»f wliite I camud ca‘'ilv he answered; caVh has 

w> ^ 


]>a]>er, the appearance preNcnteil should ■ its own adv4»cates\ d’hev are all good 
be that of a ju'oje'ily ju’inted proof m their wav, and there are some trans- 
npon paper, while the intensity, wiien ]tarem*y artists who employ them ail 
raised up ai»l Itioi-o-d through, must . even in one lucturu. As oil pigmints 
slmw a suliieiPiiey of v'igour. ! appear to enjov file greatest amount of 

Having obtained a suitable frans- j popularity, 1 will speak of thorn lir*'!. 


jiareufv, it must next la* varnished. 
iSome years ago I adopted Hje use of a 
varni.sb coiupo.seil <if saiidarac dissolved 
ill methylaled spirit. It gave a clear, 
bright film, and both oil and water 
colours took in it nici lv; hut I some- 
times hai| occasion —as everv painter of 
lantern slides will have to do more or 
less frequently-*! to pirk out hits 
put ill, or rather take out, touelH^s of 
high Ijglit hy means ot the neodb-j>nint. 
1 foumi, however, to inv exlreme dis¬ 
satisfaction, that the <-i)ilodion lilin 
would chip and break off rouiul the 
spot iijK>n which 1 operated, and that if 
1 firew fine lines hy iny scr;!trh-]Miint 
they hecame Jagged and lirokeii. Being 
recommemled to try white hard sjurit 
varuihlv^diluted with alcohol, I did so 
with a result eren worse than before. 
Having read of the virtues of castor oil 


Although nearly evi-ry <lealer in lantern 
ap])lian(‘\‘S keep^ bo.ws of colours for 
sab', it will 1 h» advantageous, especially 
ibr the beginner, to purchase from 
arlists' etdourmen, under their definite 
nainc’., the various colours requireil. 
The\ arc conveniently jtut ii]) in tubes 
and are sobl at a very low price—4</. 
and ujiwaid. U must al.yi be noted 
that nly very few pigments can )«! 
ern)d“yoii, owing to the ]>uucity of Hueh 
as are quitfj transparent; hence the 
expenditure for an outfit is very small. 

F<u* blue, J^mssif/n bhw forma the 
most useful among all the blue jdg- 
inoiits, and one can gtt along very well 
indeeil ■witliout any other, although 
there arc Home Bubjocts in which 
Patjnc'.'i rpr// comes in handy. There 
are other transparent hhies, such .'is 
Chinese b(n{‘ iwui ctj(minc blue; lait the 


when added to a jdain samlarac x’arnihh, rru'-siau is .susceptible of smdi easy 
I tried it witli e\celh*iii effet L. modification hy the admixture of o^Jicvs 
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(hat no other is really reqnirwl. The 
best yellows are fjambifijCy Jialitm pink, 
anil ycdoio hthc. There is Ijnt little 
tlit]^n*eii(*e between the two last, a!- 
thouj»h the Ibruier of them is prohahly 
the more ailvantati^i-ons. The 
is useful for foliae;e, ami with small 
])ro}Mirti(m of Prussian blue t'lrms a 
goo<l s:roen. Roth ?vfa'ami Immt i^u nun 
mu.st he proeurod. *i’iie lomier is useful 
in the repreS'*iilatinu of litjht, (h ii, 
saiulv earth, ilrv ro.ols, ami litrlit- 
rolourcd houses; the latter is a very 
fraiispareiit brown of an (treuge tint. 
Uoth Vanihtht* ^trovni ami burnt r are 
useful, hut inueh less so in a phtilo- 
graplnc trausj>:irem*v than in other 
t'Jasses of woik, l>eeause any suhjeit- 
whieh were of tliese tones in nature 
will 1)0 represeiitetl so very darkly iu 
the pludograpli as to require seareclv 
auv coituiiiUiT iit all. tVrii^voi/ /o/re ami 

ft •T' 

pink Uitiihb'r eomplete the list. U'lie 
liflttT f)v ifsel*’ dries very slowly, but 
by tlie*:ulini iti re of megilp or mastie 
varnish its drying i-^ qiiiekciied. 'I'liis 
applies also to tlie Italian pink. A 
tube of /(f/n;/Wat7;, by wliieh to render 
anj^portioii more or less oj»aque ; a tiihf 
of megilp, for use us a vehiele ; and a 
liotlle of mastie varnisli and pale 
drvintr-oil, t<»gether with a few salde 
brushe.s, a palette, paletie-kuife, and 
large eainebliair luiish conqdete tlu^ 
oullit. 

The most im]Mvrtaiit ]>ierc of work in 
the paiutiug of a lantern lands<'a]»e 
being the ^y, 1 close thus aitiele hy 
"escribing how it is done, ]n*eniising that 
1 do all iny )>ainting upon a retouching 
desk, w'liiA 1 fiiul to answer tliis 
purpose rather better than the pa'‘els 
specially prejiaml for trans]>areney 
}iainting. Let iis imagine that the 
subject is a landscape, liaviug about 
5 sky, into whieh a tree, and a spire 
project u]»waril. “Mix <»n this jialette a 
little burnt sienna and jiink madder, 
and haying clyu’ged a brush w ith tins, 
draw it in streaks across the sky a 
little above the Inwizon, and tiien 
laying down the bru.sh dab it all tiver 
■with the ]Kdiit. of the first or st'eoml 
until *it presents a uniform 


appe:iranee. Never iniiid the faet that 
th<j ]>aiut has been carried over the 
tree and the spire.; it must be removed 
from them by n ]»ointcd j'iece of soft 
wood as the last oj^eration of all. Next 
apply to the upju'r ))oi'tion of the sky 
some Prussian Mm*, and in so doing 
rememher tiiut tluu’e is m> use whatever 
in hoping or attempting to make it 
quite uniitu-m by means of the hru«h 
alone. The Ihuier i.s the all-jioteut 
instrument b\ whiih uuifornuty is 
secured, and d.d)biutr ” w ith it must 
he had rtfcoarse to. i'ear tn mind that 
the sky is ol’ a deeper hue at tlie zenith 
than near tlie luuu/on ; therefore let 
tlie dabbing lie ]»evformed in such a 
inauuer as to r<'taia more of the jiaiut 
at the lop, than lower down, the 
I quantity b»‘Uig so attenuated by the 
I time it desMUoi'^ to llie warm laver 

I ft 

! already applied ns to merge into it 
quill* imj'ercej'tildy. Till* laying on of 
a unilonn <‘oal seems very easy to the 
onliu»ker; but it ]s milv bv diut of 
several Inals carefully mmle that 
success i> attained. A?* the bi^ginner 
will probably sjuul several skies before 
lie sm-cecds to liis own satistiiction, a 
soft piei e of cabeo dipped in s]urit ol 
j turpentine will be a um-IuI aid to him 
1 during his mn mate. 

I'o complete the blcniding of flic 
colours, ami to obliterate the sligiit 
textural markings arising from the 
roughness of the linger ti]>, is the 
function of the large camel-hair hrush 
.already mentioned. It must lie whisked 
very Jjghtlv over the surfaec ; and, if 
cleverly done, all surface asperities will 
tiisai'pear, and the cedouriug look as if 
tlie glass were stained. Until the sky 
pre^mts such an ap]»earauce the fonnn- 
lion of clouds must not be thought 
of. 

(c) The gl.'iss for tlie sliiles must he 
vei’v carefully selected ; it should he 
jdate glass cut to tlie size of the object 
glass in the magic Jaiiteni iu which it is 
used, it mu^t he entirely free ik-ora air 
bubbles, ami streaks of any sort; even 
the best plate glass has a rough and a 
smooth sirle, which can be found out by 
j passing ibe liaiid over it-: surface, ami 
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BO (letevtini: auv iinoveniu*hs. A^* ?iuv 

irresiil.'iritios will iuti’rfi‘rr! llie 

Binoothuoss of Ihf roli>tii‘ fo be laul on. 
the MHooth si<h‘ of the ixius*' nni"! i>e 

fiirefiiJIV inai’lvOtl and used in all tlie 

* 

A tiaf jial'dte is a necessity f'^r oil 
colours; Init for cnltMirs, ;i 

palette with a rim 1 “ k'M'p iu tlie tints 
is the best. A pabdtL* kndc is I'o'piired 
for luixiU'j; tcirt^ther oils, colours, or 
v'arnidies, but Is not wanted for water 
colour slides, e\cept, to take "ut larger 
lii^hts. A niaul .-tick, t'* kecj. t’u* liaiid 
from toucliini^ the wot peintiiiir, can lie 
made by covering; one eic! of a lu^bt luit 
firm Cline with wool, so as lo form a 
round knob, and ti;^dtlly bindin;4 tiie 
Wool over with wa^h leather, notohiny;a 
t^rooveinthe cane to lender t)ie bindini^ 
string; quite sei ure. 

Kor bni-lu's, led sahie are bcA, hcliv^ 
stroiiiTor in their lour tloin b!a( k .sable 
or camel-hair, and liny h.ive a lirnier 
and /inerpoint than < ithcr of the otheis ; 
the brushes should h*! emdosed iu llat 
tin, one of every ( 0 ) si/.e. 

If'ibbers are made l»y the amateur 
from round camel-hair brusiies; one 


liiat the ends i ut shoubi he rounded, 

they must be burnt to shaj^e, after 

cuttiiii;, by brine held in the tiame of 

a caudle. They must la* twisted ami 

•* 

turiicil roiiinl au I round, .s<i as to shape 
them to tin* pmjn'r form. Wlnui this is 
attainin’, eleau oil' the tr.ices of ImniinL: 
fjom them bv rubbin^r tliein well with 
the finest sand |ia]»er, 

Wiicu till* sli le i- painlerl, it reqnire.s 
til be mounti'd in a frame. TheNO frauies 
are male of wood ; malioiraiiv is cene- 
rally sfdeitel, iuit tb:il will answer all 
the purpose. Tiie three sha[ie.s for 
tlie'.e fr.imes an .s*|uare, ohloni^, aiul 
round. Tiie w'oo I should he aliout. ^ in. 
tlnek, and wheic lln» class is in Im* 
inserted, the edi^c should he lievelled or 
have a rahhi-lt on one side, the i;lass 
should Im* slippel in on this side, airl a 
tiny sti‘id or hra-s urn lail iiver it to 
krcji it 11 ) its place. Jn choosinc tlie 
wood for tliese frames, seli‘ct only tli»t 
wliich In pel feet in Lorain aiul, has u« 
kjiots. * 

Taint slifb*-' hy lamp or caiidle-lij^lit, 
a-*, hcinc intendeil for exhibiting by 
artificial licht, it will be seen at the 
time of ]iai’'tani; w'helhcr file ri^hfc 
etliM't lia- f>een produee i. 


71 . 



• I 

V 

Pabb'^rs, 

of each of tho G sizes are used. The 
points o#'the round brushes must be cut 
otF as shown in Fitj. 71, the dark lines 
show the part of the brush to be re¬ 
tained^ the white space within the spots 
portion to be cut QWfty. In order* 


(’oinmeiic'e operations liy tlrawin^ a 
perfect, outline of the ))icture on a piece 
of ]iaptM', which is laid under the glass 
as a guide. When a mucli larger 
picture than the size of the slide is to he 
ciipujil, a.i long as the prominent features 
of the ftieture are seized upon, the odect 
i-i attained, and one or twti* acccs.sories 
will look better tbaua quantity crowded 
intii a small spare. ^ 

Should any iiiat'curaciea be found 
when the outlining is finished, tlio 
lolnur e:in he removed by tlie knife. 
Wlienall tb« corrections are made, and 
t)je outlining is judged complete, it must 
be fixed to tlie glass by washing all over 
its surfa(*e a varnish^ made of Canada 
lialsam, diluted fn-ely with turpentine. 
Having coinj)leted the oittlino, fixed it 
with varnish and rubbed up tho glass 
W'cll, proceed to tho second painting* 
Moonlight subjects can be rendered 
jdcasing if the appearance Is given of 
tho duuds moving, or ratheniaUin9*P^^t 
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Iho nioiin. 'I'liis is niaii:i"iMn)v liaviiisr I 
i \vf» pit'u*'* of w liorr IIh* “^kv i'* 

]t.nntiMl, Tho WfMKk'M jV:mu‘will li;i\t^ 
1u 1 m» iIouIjU* on iiuo M(li\ to rontaiii tlio^ 
j'ioco nl u;]nss, aii'i tho othoi tn 
fonn a ixioovi* for tlu* iin»\aMo ]}ht»» 
to iT^t on. U]Htn till' liM'd tin* 

11104111 In Jiaiiitcil anil :i li^ht sky without 
cloiuL-;. 'i'ho liios ahh* nl ‘jl.is' is 

(*nlv a naii'ow* striji, just Millini-ut 1o 
lu'M l)i(* < liuiils. Fl4M*cv ainl ihii k 
(‘ImmIs sliould Im* puintod u]>oii it in sin h 
a iiianni’i- ^^lnn•tilnos to allow lln- 
linxn to ho Ihi'lilv ^l-ihh•, at otln-rs 
jiartiy or ooinpiftoly ^^h^^nr^d. Mala' 
ihi'so (•ionn" nnliko «*a(‘h tillnu* tln- 
narmw strip tlii'v an^ on will allow. 
1*0 not Ifjivi* lai i;<» sjmoos in hftwiMUi, 
Mill lit till' strip th**y art* jitiuitnl on in* 
ot a 1^00(1 hoiotj). Ml as to om* *:nMt‘r 
^arioty. a tlnii joroo ol wo<»l 

fi\<Ml to till* rini of the strip, to sorvo as 
;i^liauul<*. and w lion tho slide is hcin," 
<ftliihiy^ iiiH'rt till* strip td' ^la s, and 
}uish it slow ly aioiii;. 


not revolvin'.?, and is partionhirly nsoful 
for ooinif slides. Thus a do;^ killing a 
rat is dcpn tiMl in the art hy using the 
lever slide. iViint tin* dog willi tlie 
« yreption of his hi'ad and neik, and all 
tin* iei|nisit4^ snnoiindings. upon the 
ii\j*<l L?las.s, and npim the movable one 
ills liead and neek with tlo* rat In ins 
jjws. When fixing th«* slid** in tlni 
lantern he larefnl litat tile ncek on one 
glass is ijiiite Joined to the shouhh-rs on 
the iillier, and that tin* cojouiiug oi tin* 
animal is i xat tlv siiiular i<n both glasses. 
I’iV Working the h‘V(‘r up and down, a^ 
sliown h\ tin* dotte-l lines in tin' figure, 
tlie lioad an I iiei k of tlie ilog will he m 
motion, and the rat will look as if it 
wen* hi ing well s)i iken. (^Artibtlc 

/</s ) 

ElKOTUICS. (iii. T.S 2ul.) 

Batteries.—Amiikst the enonnoii'i 
advan»‘e.s made in the ]naitieal appliia- 
tioiis of eleitii'itv during the last lu 



T.ever Sliiie. 


This is only an amateur eontrivauee, 
hut will answer several ]»urj>oses, espe¬ 
cially whonever s»,me small olijoets are 
required to move straight along and 
disappear, xvhilo the largi-r part of the 
picture remnAiis stationary, A ship as 
lu full sail eau be drawn across a sca- 
])ioee by this contrivance. 

Fig.^72, known ns the lever slide, is 
lised when ^lo niofion of the movable 
piec§ of gHias is to be ui> and down, aud 


; 12 years, the gahanie battery oet*u]des 
I almost cxaefJy tlie same jHisitioi) as a 
geiiiTalov of (dtM’trieity that it liid at 
till* heginniug **1 that jteriod. This state 
of things is ei'rtainly not due to a lack. 

■ of iiilen*st or want of investigation, for 
! although the iirofessional invifitor and 
' most of lliose who look to electricity for 
their livelihood have turned their 
attention to fields offering more immedi¬ 
ate returns for their labours, there are 
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probably vcrv few amateur electricians I they have a stronsj temlency to combine, 
who liave not. at one time or another il will be lar^^o; Imt il‘ they onlv unite 


(labble.l hi tiie mb|eel m tlie lujpes «»!’ • 
making some disc<»verv whicli would 
briu^ l>oth I’aiin* ainl tort line. 

(hi the other hand, it eauiiot l»e said 
that the Mihject is n«it a jirmni'ing one, ; 
for the hload idea id’ tlie direct loiiver- ' 
sion of eheinieal inti» electneal eiiergv ' 
eover-i m:in\ |^os^|ll^l^ti.••^, as do« s tiie 
Kiudiod «no* ('1 liie ei*nvrr>o»u id )u*;vt 
into idiitioal ein r'^rv thioii';n (he 
iiiedmm of oh-rtrical eiieruv, aiil aiiv 

• I 

re.i) adv.iiifi* ill eil lie]'ot t io'se din'* t lon^ 
must he id tiie luo-'t wideNjijeal iiiipor- 
tauee. 

Tin* gie.it lault is i.iHier a liii.dilee- 
tioii iiiau a lack of eio'rgv, which ol'teii ; 
seems to W due to an entire iLriioniuee | 
of, or f.iiluio to fuudainental | 

jaiiieiple-, and con-ieijiiently both time ‘ 
ami money, lliat iniglit h.i\e produeed | 
some good results if expi tided in tlie i 
right dirci tion, are wa^e l iii attempting I 
to aeeoni])lish the iinpossihle; and, I 
although In* nitiiialiv fails in tlie 
eiideavwur, the ineentor id’teu manages 
to ]MdMiade both himself an I other 
people tliat he lias aetually aihieve<l 
suceos; in fact, those who ;ue Mitlenng 
from W'hfit iias been aptly termed the | 
“ primal'}-hattery disease," can only he 1 
classed w’ltli such parailoxist^ as the 
il.it-eartii theorists, the Mib,-.tanllal : 
jihilosophers, and the pcrpetinl motion- 
ists. 

To make any {-ubslantial progress one 
must give uj) imgiiig the changes on , 
snipliunc versi^ liyilroehlone acid, 
bichromate of potash versus chromic 
acid, nitrate of soda versus nitric aeid, 
and go and strike out on more original 
lilies, but alwavs remembering that all 
battery }>heuijmcna take place in strict 
accordance with the laws of clieinical 
combination and ilio loiiservatiiMi of 
energy. Some of these Jiiay brhdly be 
}iiit uH follows;—1, Whenever two or 
more siibstuiiceii combine chemically, 
they liberate a certain amount of 
energy, which is called the energy of 
chemical cumhinathm. 2. The uuionnt 
of energy liberated depends on the 
chemical atlinity between them. If 


with dillicLilty, and under the most 
faM/urnble ein U!!lst,.l1lce^, it will he 
smaM. r». Tohie.ik up a chemical coin- 
]mund|'Mto its convtitiient sulistanees or 
‘‘element will rei]UirctIiee\penditiiro 
of exactly as mmli tmergv as was 
libernted hv tliosc elemeiil-j w lu ii rmn- 
tunmg, stt tint il' a substance leaves a 
eoin]Minnd of wliuh it tnnus ]).»rt In 
order to I oiiibim* witli .''oiiu* oth'*!* sub¬ 
stance for wlmli il fi.ii. a greater 
alhiiily, till' icsultant aimmiit of eiieigy 
si't frei- will bi* till* (litjeri'iiec between 
these tw'j a* lions. 4 . The greater 
]Mii(ioii »*f the en»rL!.y freed by chemical 
cimilMuation nsually taki^s tlio form of 
lieat, and raises the teinjtoraturu of the 
hollies coucenii'd to a gre.iter or less 
degree. 

'J'lie lamiliar phenomena of ‘‘burning ” 
or ‘‘ ciimbustioii " olli'r u.s the most itn- 
]»ortant e\«aniple of the aboxe F.i/vs that 
can be i.eioeted ; for,’besides being the 
iiiethoi] iimver'-ally employed for olitain- 
ing both 111 at and light, it is at jM’e.sent 
almost the only known means of^iro- 
duv iiig niei haiiieal energy artillcially 
and on .a large scale. Here such 
.^ub‘^tallce^ a> w'l-od and I'oal, whidi are 
eoiiipoimd', consisting principally of 
liMlrogeii an I carbon (‘* bydrocarboiis ”), 
combine with Ine oxviren id tlie air to 
f'lnn (ari>oii dioyido (('*>•) and water 
(ILO). 'J’iie I'heiiiU'al nllinity of carbon 
and iivdrogeh f(»r eaeh idher is small, 
while both have a strong aHiiiity f«ir 
oxygen; consc'iuently but little energy 
isubsoibed in IjMaking iiji Iho original 
lomjKiund, and there is a tremendous 
generation «d’ heat wliich maintains (lie 
hiirning substances at a temperature 
sudicient for the eini.ssion of both radiant 
heat and light in large quantities, 
aithougli the main jtoflum of the energy 
]ja'Se-i oH’iii the liot gases. “ Kiisting "or 
“ o.\idatioir’ is anothey^ wrll-kuown 
exaiiijile of the same nature, but metals 
take the plaec of the hydrogen and 
carbon, and the action is ordinarily so 
oxtroinely slow that the licut generated 
in the process is dissipatdU hito the air 
and neighbouring bodies long bcifire it 
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^*an proilucc any porceptil>lr rise of 
tuniperatni't*, uinl tlu-rc tliere- 

fore to suiTijrfKt ‘•eoiiilinslioii^' m tlio 
ordinary sen'll- of tlio word. j 

As alrt'.'idy implnMl, a m- ; 

voltaic u*ll (alstt Icnncil ‘*haUcr\/’, 
altli'tugh, strictly spcaKnic, thi> A\tPid 
should oiilv he \isod in rct'cicncc to a 
iiumhcr of indi\ iplual i>t‘'^-ciitiall 
jiu a[>]»aratiis f(»r the dinct con\erM»< 
of the cniT'^N «»f «lnuii<ai toiuhnialio 
into electricai iut*i*jv instead ot uit 
heat- In aliMo.',! all*ltattcric. at pn *cijt 
of any ]irac1nal \aluc, llie electii<al 
energy is ol*lanied hv ihc coniUniatjon 
of /me wilii snlphuiic a«iil to lorni 
.sulphate of zint i»i, a* it may h<- 
termed, tin* ‘‘ comhustjou ZiUc lu 
Milphuric acid. 

Kvery ^rain of /.me comet ted into 
zinc sulphate in tlus nay sei^ luo aj 
fixed aini detmite amount of ener;;}, a , 
palt of which is absorbed m other ' 
iR* ’Uiicij^l* chuiiiTes talvino place at the j 
same time, while under ordinal } cin-iini- 
staiices the remainder ai'pears as heat. ^ 
and iiulnutcs its ]<re.senee hv laisnii; llie ^ 
tcmin-raturc of tin* lujiiid. If, hiM\e\.-i, ! 
a piece of copper is plac.-d in tlie acid ! 
with the ziuc, andthe twt-aic connedc.I | 
by a wirc outside the inpud, the latter 
jiortioii of the cuertjy slmws itscU a-a 
current of olectricit} ]*assinj; through 
the acid from the zme to the topper, 
and back a,i;ani \i\ tlie conneetiii' 4 -v. ire; 
but the point winch wo wish to em- 
})hasise i.s that, no inatler m w'hatforni 
the ener^^y liiay l>e ]»rcsent, wliether it 
reinaiuii as chcuncal energy, whetlier it 
is directly ^'(>nv*'rted into iicat in the 
iMjuid, whether it appi*ar.s as electricity 
(being afterwanls rediiceti in lioat jiarl ly 
in the cell, and partly in the luitsiJe 
wire), or whether, as is most usual, it 
sdi\idcd 111 a xar}mg jiroportiou he- 
tx\een all the tliure, the U»tal amount 
mailable is in each case precisely Lbe 
same, and it follows, therefore, that the 
([uautity of electricity to be obtained by 
the ounsuni]>ti(m of a given weiglit of 
ziuc is strictly limited, the maiimum 
outpnt*being reaohc»l when the whole 
^of the takes this form. As a 

tnatttr of fact, uo cell absolutely realises 


tliis eoniliti(»n, altliough certain forms 
(not ofiniudi ]>raelical use) do so the<>- 
r**ticuliy; hut in tlie greater lunnher the 
ciierg} utilise<l electrhalK d.H‘s ind, and 
winiiot, e.\c»'i‘d 4n t.o ]K*r cent, of the 
tot.'il rmioimt: and it i.s imjtortant to 
rcmenilier that the clectiomotive force 
<*t‘a (cll. when t’lcshly sid up. utlbrds a 
dircd iiuln at loll of the ulmo^l jien cut- 
age tluii touM bi‘ .-oi uliilsed, plo^idel 
liioio \\rj.‘ I'd Id- ov. iliO' to "■ lof al 
ad lolland ** jiolari'at mn.** 

It h,'i' b'Tii ddoimined from theoirti- 

< al < ousi'li'jMt loiis tli.it the elei’l j (Unoli \ e 

torie of /iMc eonihining witli .•'d, ti) 

form /.nSdj js \»»lt^, and tlie 

nearer the h.M.K. of aiiv gnen cell to 

tills ^:llue the greater is its ]»ossildc 

cllimeiicc-- m (>tiier w (»rd.s. t he inavinumi 
» 

cnerg} that <an be ulih'‘cd cb‘ctiicali\ : 
the total ejii*rgv liberated ]»v the 
/inc: : the h.M.K. of the cell: 

For a Daniell cell this ratio will be 
IMIS 

, or do iMT cent ; a Bunsen 

« • ' 

1 ‘H 

cell - , for To i*cr ccid.: for a bi- 

o 

ell! ornate cadi - or per cent., and 

so on. d'o at ci'iiut for the remainder of 
the energy we must look a little closer 
into tin clieimcal Lhange.-. taking place 
m tiu 

Xme eaii only combine with sulphuric 
acid )>}’ iihciMtiug an i‘(}ui\aieiit anuiiiut 
((dieuinaiily sjMaking) of liydr „-,. 
tlius /n + Ii„S()^ /nSd^ + lU, and 
just .a’i zinc- gives yj» energy and 
geiicrat.c*s an electromotive force, so 
hydrogen absorbs energy, hut in lesser 
amount, wdieii set free tViUii the c‘<»m- 
bmation, gcueniting at tin* same time a 
*• bio k ” or negative eledromoti\elinve 
<»r aluuit l*4ti Volt; c*onsei|Uciitly the 
resultant K.M.F. of the e.eli is only the 
I dilierenct; ofthc.se two actions, or about 
li vtdt —r4d), and the rest of 

the energy ]tasso‘i away in the ^scaping 
gas. If, iiowever, some material i.s 
provided for whicdi the hydrogiin has a 
Btroiig ainnity, and with which it can 
re-combine, once more yielding up the 
wdiulti or a portion of its potuuliul energy 
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tlie K.M.F. of <he cell will Im incn’a^pil ' 
in iiro|iortion, :in.i lliis is out* ot tlif* i 
rliiof oh j(‘rt> airoinpli'ilicil l»v tlif 
larisiii*^ iluiil. in tlie Daniol t'oll, witli 
a ^ululi^»u of t *»j)[nT Miiljtli.ito fill’ tin- 
‘‘tlfjmlnrisor/* tin* hsthm^on ilihpl.uv'l 
i'V tilt* zino in i(> turn th.splafos tiu* 
oojipor - thus, + 11^, “ II„SUj-h ' 

I’u, tlio nu'tal ]*oiniX i-ii tin* 

polo: liut tho actual itt 

i'M.F. 7o»t \*‘iy lar^^e, l«(Hau''t* tio* , 
i;rfali'r puitoiu i»f the tior^^) n-ha^tsl 
In' tho lx jihsiir}nMl liv the 

liltcj ruppri*. \\hi''it h.ix iuMrl\ a-* 
st rdUi; ail alhint \ Im* Si .!■» t io- ii} >li ‘ilimu 
itscli, .m l o\rit' a li.o k 1 .M.l*'. I'f I ' 

Tiic ifsuliaiit fl'tii • <*Hs 

i-i lunv tiia'ii* up as p.llow - li ■ — 

l*4ii I'lii —I'J.t, tio- t\Mt liilMi'' 
li^uros ii'pioM‘niiu\; llu* liiioMti'Ui aii<l , 
I'lM ninluiiation (>f tho Jntlmj;*'!! to f'liiu ] 
sulphurio ui hi, of oi»urxo, noulrali-o ] 
oaoh othor .uul oaiiofl out, h‘a\ini'' 
‘jr> — 1*1 \oil appio\nu-tt(‘}\, ' 
^\h|oh iii'-aus tli.it inoiv iti.m half oI 
tlie oiuna^v ttf Iho tlisxulv»‘l ziur li.ix 
inor''l_\ boon transfrii'oil to tlo* th pusitoil 
cojiptr. 

'i‘hii action <»f the dopoiari>or in tin* 
tlioM-, Jlunsiii, aii'l biolir«unatt‘ ci4Is, 
im:hoiiui; tiioir v.u ions nnMliji(‘atioii*<, 
from onr po/nt of \nnv, vi-ry 

V <. , luit :i> tin* 

ciit*nii< al cliai»:;ox aic more Muiipiicatod^ 
ami tlour c.xm t nature iineeitain, tion* • 
(aniiot )je fcjllowcl with tho same 
preMsmn as those m a l^aniel ci'li. In 
every t ase, however, tin* lile-ratfMj 1 
livilrogen altstra't.s o\\«o*ii fjMiu the 

V ^ - , “1 

‘lepoianser to lorin \sat' i\ nitri<‘ aeiii 
hoiui^ broken up into ovi'Ie of lutrooiui, 
an I <*}»ronue aei'l beiii'^T rediice.l jii the ■ 
same way to fixnle of ciiroiuimn, wliieh | 
ftombino witli the sulphuric aenl jiresont 
to form suljiiiate of chronnuin ; hut 
verv little cneroy is ahsMih»*l in etl’eit- 
thcsi* ileeonipo.sitioiis, ami iim.st of 
tlie tuerjv of tin; hvdi’oi^en is returnetl 
to tlie circuit, vvliidi accounts for the 
Ini^li KSVI.F. of tin* <‘olJs, 

If a zinc plate is placed in dilute 
Bulphurie aiii.l with the pf»sifiv’t* jdate of 
an ordinary b*ad accuiiiuiator—that i'*, 
a lead j>late covered with lead pi-roxide 


(I*hO„) —wo have a coinbinatiim whic.b 
<:i\'cs an IkM.F, of 2‘‘>t) Volts, show'injij 
that it is jiussihle for this cell to utilise 
tiie whole of the eiierjjy electrically. As 
with tlie Jither ilepol. niseis, liydro^ou 
.ihstractH owi^en from tlie ]mroxide, 
reduchiit It to I'1)0, w’liii'h combines witli 
the sul]diurie acid to form leadsulphate 
— IM.d,, + llo™rbO 4- II.,O and I'hO + 
li.Sti^^rh.S)^ + \\J\ 

' M.iiiv kimK of /inc-con'innini; bat¬ 
tel n\s have loli'^ Im'ou use<l tol* uorkllllj 
eleel! ir tele«ri a]»hs. In llx, telephones, 
.iml i>ther similar ap[iai'atus; but none 
ef th‘*Mi lias r\i*r been siieeexsfnljy 
apple-1 t»» file produetlon of el{*ctrieitv 
< oMMioM< iall V and iTi a ).‘irLf<* .scale h»r 
tie* pinpi»a-s i»t'electric-lic;htini;, motor- 
din inir. The t^ieat diflleult V in the 
way ix lli.it of cost. As lon^ as small 
c urnuits only are retjiiired, the p\j»ensti 
ot tlie m.itenal i<insiimed in i^eneraliu'^ 
them Is a ri-latively small one, and po.s 
not need much ccuisiderathui, ‘ siici-ial! v 
wht'u. ns is cd'teii tin* case, tln're are no 
other menus id’ad'ornplisliimj the object 
111 view; hut as a method of ]>r<»diu*inj 5 
elcctiiial ener.;y in c[u.iiilitv, l)aUeries 
liave to compete with othcT and cheaper 
ways c*r the end. For 

nctancc*, zinc is a far inoris exjM'nsive 
fuel than coal, altiiou^}} tluf potential 
enere,v of the latter li.i.s iir.'jt to bi* con- 
verteil into iiic'cdianirnl eueri;v in a 
sttam-cneiiie, ami ihc'ti into electricity 
by a dynamo, w hile the fbrmc*r ellacts 
the c*onyei‘sion at one* step. 

The aiucoiul of zim: coiisuined in ])ro- 
dueiii'^ an electrical hoi f>e-l>o\ver (740 

>. (K reprt'- 

seiits tlie workinc^ K.M.F, of one cell) 
sU)»po.sinc then* were* no loss by loeal 
ctiou. If the battery wer« generatinj; 
the full K.M.F. that is theoretically 
possil)le, namely, 21)0 volts j»er cell, 

2 

this wouhl {jive ^ = •8511)., and, 

M * •)0 

altlioui^di it is improbable iliat the 
terminal K.M.F. of any battery would, 
when at work, inuoh exceed 2 \*oUs per 
((*11, as home loss due ti* the internal^ 
resistance must take place, w« will 


watts) for one hour — 


K 
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nssumc that lliis nunimum figure can 
lie attained ; then, zinc costing M. ]K'r 
lb., an C‘lectri<iil Imr^e-iHiwur hour 
\sniild cost 2.',^/. for zinc alone. 

Now, the combustion of lib. of coal 
geiierates at hast five times as much 
energy as llh, of ?iuc. On the^lthtr 
hand, a stt*uni-em'inc ill onlv <‘ouvert 
lO I'Or cent., nr about oiie-tcnlli ol this 
into mccliaiiieal ork, consequeutlv, tlie 
energy to ho obtained Innn lib. olc<'al 

burned in a stcam-enirine is— — or 

one-half of that to In* olitained from 

lib. oi zinc consumed in .a hutterv. In 

other words, 2lh. of coal u ill he risjuired 

t<j produce one horse-power lioiir, \\hirJi 

airrees witli the re.sultsactually obtained 
^ •* 

from good engines working under 
fav4>urable conditions. 

lieckoiiing toal at lOs. per t»m, 21b, 
costs. which will Im' the coj>t of the 
ina?erial usetl to obtain one iiiechanual 
iioTM*-]Ki 4 \A*r hour in this way, and if 

this is transformoii into electricity by 

» • 

inean‘5 of a dynamo, the cost of an 
electrical horse-power hour may be juil 
at a 'whicii will allow ample margin 
itoc<»verthe losses of thus second con- 

The relative cost, theri fore, ofenergy 
jimdiiccd from zinc and from coal is as 
to J</.,or as 10 to 1, and this willi- 
ont making any allowance for the cx- 
jxMiseof theexciting llnid and thedcpola- 
riser, which would co.st at least as mu<*h 
again as the zinc itself, (Ik d. Wade.) 

Tlwi still eluents which have been re¬ 
cently made in the daily pajiers as to 
tile eflects produced by the use of 
primary batteries in lighting raihvay 
carriages have brought many qui'rics, 
not a few from per.sons who appear to 
iniagixui that tlie cost of lighting hy 
that means is measured by the iirst 
cost of the battory iind the lamps. 
IMost schoolboys have now'ada vs leurno<l 
the simple lesson that out of nothing, 
nothing conies ; but judging by some 
of the parngrajihs in daily papers, it i.s 
perhaps excu.snble that not a few of our 
.querists should imagine that something 
Meinnrkably clit^ap has been discovered, 
and tlftt they can have the electric 


light at a merely n<munal cost. Wc 
have recently jiointed out, ruit once 
merely, hut several time^, that an tdec- 
tru* light ttbtained from any known 
battery i.s really expensive a.s coinpaied 
with the same amount of illumination 
obtained from giis or other cheaj) stmree 
I'f liubt, and that there no hojio of 
rediu ihg the expense until someone 
dcto\crs a baltcr\ the decomposition of 
tin* clenienU of which will jiroduce a 
sulistancc or subst;un*es who h sliall he 
woith at least as much as the raw 
materials thcinrelvcs. We liave, from 
time to time, descrilx'd cells or battery 
arrangements, patented and otherwise, 
tlie inventor.s 4 )f which thought they 
had made one stej> towards the desinsl 
goal; hut at pre.seut, notwitlistamling 
all the pLitliiig, we are nuacHpiaiiited 
witli any battery which, all thing.'' <*ou- 
."ideretl, IS cheaper than the well-known 
comhination of zinc and carbon excited 
bv 4lilnte sulphuric acid and bichro¬ 
mate of jiotasli or nitric acid. For 
hells, t 4 b*phon 4 .‘S, ami lclegra]dH, 
clectro-m4itaUurgy and medical pur¬ 
poses. otlicr arraug4‘iucnS are more 
suitable; but in liic cn.se of electric 
lighting and electr 4 i-molors, a constant 
and ample supply of energy to the full 
capacity of the battery is required, and 
at jirc'-ent we have not founti a cheaper 
metal to oxidise or consume than zinc. 
This is an old tale. It must be quite 
40 vears since Staito toiik out a patent 
in w'hich the rtmimercial x’alue of the 
residual products was mentioned, and 
latterly wo have hml, several inven¬ 
tors taking n]» the old idea, without, 
however, demonstrating by actual re- 
ceijits that they obtained any return 
worth montioning for the zinc and 
sulphuric acid e.\]*eiuied. Probably if 
primary batteries came to be used on a 
very large scale iiuloet.i, a suflic'ient 
quantity 4 'f residual product.s might be 
obtaintMl to timl a rt-inly sale; but it is 
extremely dtmbtful wlu ther moijj' than 
a fracliiui of the prime cost would be 
recoupeil, unless the battory can be in- 
du<‘ed to manufacture some unknown 
and really valuable substance whilst 
giving out current. In one of the new 

K 
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b.ittcries, whicli is, \vc l)clievc, working 

very wdl on sevenl railways, 

carriages with lani|ts(»f 5 ta 10 cantlk’- 

power, zinc ainl < arljoii fia'in ihe t\\i< 

elemenls, atvl the laltery is e\(*iteil liy 

a c<»m]M)siliou nanieil ‘Snitiorie,” tlie 

I'Kaet iiatun? (;f ^liieh is ke])t bceret 

until tlu* jKitent.s are enn)[»lctetl. The 

working cost of this hattery is statnl 

to be a> low as ^d. ]>er hour for eru h 

r)-eandle binij>, and a battery of 1(5 

cells will supjdy IS laiii[is and can be 

charged for 40 hours—that is, tlu' 

battery can be used for lo hours on 

each (jf 4 davs without needing to he 
• ■ 

recharged. Taking balleius as wc* 
know them in ju'aetice, suoh a ri-suitas 
that must ])o regarded as ^el•v good 
indeed; hut if tliecost has been arrninl 
at l)y all(»wing for flie sale of tlie 
residual product'^, it w ill at mce be soon 
that the battery is not so cheap as a 
good steam-engine an<I dynamt», fa* 
Avheii current is obtaiiusl liv the o'.hla- 
tion of zinc the co^t is about 0 tinu's 
greater than when a macliine is usetl, 
and the source ol' the cnergv is coal a1 
about 20s. a ton. Sj>rague worked <tut 
this little sum for the beiiotit <d‘ all 
whom it concerns some years ago, .niel 
be fmind that taking thecAjien.se of the 
battery as only 4*/. jter ll». of zinc, tiie 
cost of a hrvrs'-powcr fjr 24 Iioiir^ was 
25s., whereas the same amount of 
energy oouJd In* obtained from a com¬ 
mon steam-engine and coal at ‘J(W. for 


there hi no chance of any of the well- 
kn»wu cells in whicli li is consumed 
hecoming a tliea]) source of electric 
light. Itseein.s abundant Iv clear, from 
a number of e\.periments, that the 
tliat can Ik* cAjK’cted from the 
best steam-engines and dynamos id 
2(i() candles id* inc.aiidescent lighting per' 
li.]>; and as it is al.so tolerably ap¬ 
parent that 2 Ih. of zinc are necessary 
to obtain the .same quantitv id’energy, 
we li.ive b(/. as com]*areil w ith |i/. as 
tlie relative c<»st of tlie tw o souixes of 
energy for ebudric lighting. It is not 
im}io^sil)]e that tlie*-** fgnres are too 
favourable to tiie battery, for Sjtrague 
says that the cost id' an equivult of 
ein-rgy bv a common steam-engine, is 
only *0i>\\2d., while by a iJanielPs 
liattery it i< Theie i-s tliis to 

be said, however, that even if the cost of 
working a 2M*<andle biinp i** as much 
as \d, per hour, there are many i>cr- 
.sons who would ju’cfer it to^'fgas or any 
other illuminaut: and if the new bat¬ 
teries <*an bo made to ])roduc** a really 
useful substama* as a residual, the 
trouble and attention tiiey mav entail 
will not stand in the way of then’ 
nbqdlon. So far a^ we know, n 20- 
c.indie hgfit cannot be maintained xit n 
cost of k/. ]K*r hour, even when the 
zinc and the acid can be purchased in 
ijiiaidities at tin* lowest ])rico; but if 
aliattery is in existence which will yield 
.such results, it is a ]iity those who own 


10'20t/. Kveii if we supjiObu the ru- 
sidual uroiiurts of any battery in which 

A *1 » 

zinc is enij-Uved return 2d. for every 
lb. consuin(*t|—-and no one has snjiposed 
that ]K>ssible amonghi tlie most san¬ 
guine inventors—it will be seen tliat 
till; common steam engine has still the 
adv.'iutage as a motive jmwer. Fdec- 
trical machines have been considerably 
improved since Joule calculated that 
75 lit. of zinc would be necessary for one 
to maintain 1 h.p. for 21 hours; Ijiit 
so l^ave stiani-engiiies, and, therefore, 
we are brought back to the simjde 
datum that the oxidation of zino can 
produce so much and no more energy, 
and that unless some one can be found 
to pay i\ high ju'ice for sulphate of zinc 


it do not make it kno\vn, for it is cer¬ 
tain they would have a very wide sale, 
l»rovided they could guarantee its per- 
Ibrrnaiice. At the jiriceSiamed it would 
be loo costly for lighting on the large 
scale; but there are ver)- many per¬ 
sons w’ho womM go to tlie expense of 
fitting np tJic battery and the lamp if 
they could Inive a light of 20 candles 
at a Cost of },df^ an hour. INmsiblv 
before long some one may invent an 
iron or a lead battery, and then those 
who are so anxious to have the electric 
light will probably have an opportu¬ 
nity of gratifying their desires; as, in¬ 
deed, they may now, if only they avy 
prepared to pay for* fhein. 
long as zinc is used there *is small 
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chance of ]>rimarv batteries supplant- 
mfr dynamos and steam - engines. 
(/:«<;. M(‘ch.) 

Axo ,— no Axo battery, ennstrurted 
by the LeolancbC' liattery Co., of 
America, is an *• improved ” furyi of 
Lcclancht, intended to overcome sonic 
of the defects of batteries of the 
jM>rous cup class. The porous cti}i 
has a flange which rests ou the rim of 
the jar ami forms of itself a ci/ver for 
the cell. The zinc passes through an in¬ 
dependent aperture of its own in tiie 
shoulder of the jar. The carbon con¬ 
ductor has inclined sides, increasing in 
size frtmi the top to the bottom. Jiy 
gravitation, therefore, the particles *tf 
tlie surrounding mixture are always in 
perfect and continuous electrical c(tii- 
tact with its surface. The carbon 
itself is ]»rovided with ventilating 
grooves extending along its sides, by 
whiSh it is niiicli m(»re readily relieved 
of*the lyflibles of gas which form on 
its surface and retard the electric 
action, than by the holes usually run 
through the seal and into the 
mixture. The well-known lead caj) 
•of the carbon is dispensed with, and 
in its place is used a thimble with 
thumbscrew, which can be slijijicd 
oil' and replaced in a moment. Tlie 
battery wire passes thnnigh a small 
hole in the top of the thimble, and 
into a recess in the carbon, against 
which it is clamped by the thumb¬ 
screw. 

Bichromate piles, esj»ecially those 
single liquid ones that are applied to 
domestic ligating, all present the 
grave defect of consuming almost as 
much zinc in open as in closed circuit, 
and of becoming rapidly exhausted if 
care be not taken to remove the zinc 
from the liquid when the battery is 
not in use. This ojM>ration, which is a 
purely mechanical one, has hitherto 
required the pile to be located near the 
place where it Vas to be used, or to 
have at one’s disposal a system of 
kncchanic/it transmission that was com¬ 
plicated and not very* ornamental. In 
^rdev to dd '%way with this ineoa- 
venienfie, which is inherent to all ht- 


chromate ])iles, Marcschal has invented 
an<l had constructed an ingcnimis system 
that i-on^ists in suspending the frame 
that carries all the battery zincs truni 
the esliiMiuty of a honzniitul beam, 
and bulaming them bv mi'aus of 
\v»'ig)its at the othej* extremity. The 
system, being balaiiicd, the lifting or 
immersion of the zincs tlien only re¬ 
quires a slight nieehaiiical power, .such 
as may be obtained fii»m an ordinary 
kit(dn‘n jack, through a eombiuatiuii 
tiiat will be readily understood uj»on 
leference to Fig, 7-A. The axis M of 
tlie jai'k, on rexolvtng, lanies along a 
Clank 1), to which is lived a eon- 
nccling-r<»d A, who>o other extremity 
is attaelied to tiie hori/outal beam 
that supports the zincs and eounter- 
jioLses. If the axle M he gmn a ct»n- 
liiumus riwolutioii, it will coiinnuni- 
cate to the rotl A all upward and 
downward motion that xxill he trans¬ 
mitted to the beam and produce an 
alfernate iiumerfaU'U and emersion of the 
zincs, 

UjKin stofiping the jack at certain 
prtfperly seleetcd posltituis of the lod 
Ml), the zitiLS may, at will, be kejit 
immersed lu the liquhls, or ricc rcrs«. 
Tins is brouglit about in the follow- 
ing way: The jack tarries along in 
its motion a luui/tmtal tly-wheel V, 
against wJiose rim there bears an iron 
shoe F, jilaeod opposite an eJeetro- 
maguet K. in the ordinary position, 
tills shoe, which is fixed to a spring, 
bears against the felly of the wheel 
and .stojis the jack tlyongh friction. 
When a current is sent into the 
electro-magnet E, the brake shoe K is 
attracted, leaves tlie fly-wheel, and 
sets free the jack, x\hich continues to 
revolve until the current ceases to jiass 
into the electro. 

The problem, then, is reduced to 
sending a current into the electro and 
in shutting it off at the jirojicr mo¬ 
ment. This result is obtained very 
simply by moans of an auxiliary Lo- 
clanche pile (the piles got up for house 
bells will answer). The current from 
this pile is cut off from the electro Y 
by mcaus of a button B when it is 
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(lesirod toli^^ht or extinj^uish tho Inmps. 
Ill a positifni of rest, fill* oxamplo, live 
crank D is vertical, as sho\\n in tlie 
(iiap’ani to the iu Fig 7-A. Tlie 

cireuit is ojh'ii between M and N 
thri'Ugli the etlVct of tiie spnill roil 


i'£\. 



C, which separates tlio sprine H Troin 
the spring li'. As soon as tlie ciroiit 
has been closed, be it only for an in¬ 
stant, the crank leave.i its vertical 
position, the rod (’ quits the bend S, 
and the spring U, by virhie of its 
elasticity, touches the spring IF, ainl 
continues its contact until the crank 
M I> having made a half revolution, the 
rod (I re])ulses the spring H, and breaks 
the circuit anew. Tlie brake then acts, 
and the craiik stops after making a 
revolution of 180^ and immersing the 
zincs to a maximum depth. In order 
to extinguish the lani]), it is only ne¬ 
cessary to jiress the button 11 again. 
TIu! axle M will then moke another 
half reviilution, and, when it stops, tlie 
zincs will he entirely out (*f the liquid. 
'J'hedejith of immersion is regulated hy 
fixiiig the ciank-}jin 1) in the ajiertiires 
Tj 6r Tj of the connecting-rod. This 
]ierinils tlie travel, and consequently the 
degree of iinm<Thion, to he varied. The 
devici* requires three wires, two for 
connecting the lamj) with the battery, 


and one for manoeuvring the apparatus 
through a closing of the contact 11. 
With Mareschal’s system, bichromate 
piles may bo utilised in a lai;gc number of 
cases where alight ofbutslHtrt tluratiou 
je-jii ul until the battery is ex- 
liausted, without tfie tedi¬ 
ous matiieiivring of a 
>vinchand witlumt incon¬ 


venience. d'lie jack per¬ 
mits of a large number 
of lightings and extinc¬ 
tions lieiiig cllected before 
it ];ocomcs necessary to 
wind up its clockwork 
movement. Tliis opera- 
however, is very 
^im})h^ and may be ]mU‘- 

fornied every time the 

• 

battery is visited in order 
to s<‘e what state it is iu. 
Maroschars apparatus i.i 
.1 <1 an indispeimblo addition 

4 to every ciise^qf donlestic 

” eleetru: lighting in >vbich 

birhroinate jules are usetl, 

and, in general, to all cases 
where the ]ule becomes 
UM‘]ess]v exlii j^ted in open circtiit. 
will likewise liml an aj>ti]icatioii in lu- 
Ixiratones, w'herc the bichrmnaie ]>ile 
is ill nm<‘h demand because <d'its power¬ 
ful ijualities. and where it is often neccs- 
s.ary to control it from quite a distant 
IMjint. ( L>i Nature,) 

Cauleri/^ for, —The battery consists of 
a series of carbon ami zinc plates, pre¬ 
senting a very large surface, xvhich is 
ex]>Ob(!d to the action of a solution of 
bicliromate of fiotash ^«'ith sulphuric 
acid. Each ]datc is rectangular iu 
hliapc, as ill Fig. 7d, but each has one 
of its top corners cut away. The zincs, 
as in Fig. 73, are deficient at the upper 
right-hand corner, and the carbons, as 
in Fig. 74, are vMt away, corresponding 
t<» the left upper corner, hi this way 
s]>ace is left to join each series of jdates 
by a strong brass rtid provided with 
washers, by which their distance apart 
is regulated. The rods are Joined to a 
common handlo above by niotal ])iPCfi 
care being, of course, tHilA'U to secure ;ll 
insulation of one series from tfto other! 
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Fig. 7l\ represents tlie battery arrangeil 
in its most coin]»act iiini portable form, 
the reservoir being an oak box lined 
with sheet leail. The zino and carbon 
element.^ ar^^lifted in and out of it by 
means of the w'onden handle A, i'V 
which they are all sujiportetl, and ubich 
rests by its end.s in grooves cut at each 
end of the )j*>x. When reijuireil for use, 
the }>ichrotnato solution jircvioiislv pre- 
pare<l is poured in Irom a bottle. 
use, the plat<*'» are raised out of flu* 
Solution by ineaii'i itf the handle, waslicil 
by (iipping int(» a large vessel of water, 
and replaced iu tlie box, the contents of 
which have been previously cinjttiod 
away. 


the solution, and ultimately pass into 
the narrow' sjiaces \Yhicli are i«terp(»scd 
hetweeii each pair of the fixed carlmns. 
If the battery be required to act for 
any lengtli of time, the solution is 
etfectiially agitated and pfdarisation 
prcvontcil by an occasional olevatiou 
and dej>res.sion of the weight. 

'Ihe internal re‘-i>tance of this batter}’ 
is very small ; its jjower of overcoming 
jcsi^taiicc in the external uiruit is 
j'ropnrtrt<uiatt‘Iv little, and accordingly 
ttniy ViO .silk-covored ri>pes *d' cop]>er 
wire .-re necessary iu connecting it 
With the platinum to be heated. ((L 
Coppinger.) 

Chrwnic iwid. —(o) Prescott describes 



Fig. 74 rej^osents the battery as 
arranged for ordinary use. The rc.ser- 
voir contains a large quantity of solu¬ 
tion in which the carbon plates are 
immersed to J of their height. The 
zinc plates are lifted entirely out of the 
Boliitioii hy the action of the irtui 
weight 15, which niore tl lan counter¬ 
balances them. Tin* drawing reprchcnts 
them in procoss^if being lifted out. It 
fails to show that llic connection of 
this bar with th e zinc series is made by 
arms of metal outside ^the b(*.\, \Vln*n 
/^»qiiired for the liar weight 15 is 
•nfted Ijy hand; the zinc jdates dip iiifg 


a chromic acid battorv^whare bioiiro- 
mate of potash ami sulphuric acid take 
the place of nitric acid in the llunsen 
! battery. The solution is made by ilis- 
j solving Jib. bichromate of potash in oil). 
, hot water, and when ndd, adding strong 
sulphuric acid. Tlio zinc is placed in 
. flic miter jar containing n satuiatcil 
' soiutuui of common salt, which is made 
' l)V adding silt until the water eaii dis¬ 
solve no nutre. Five of these cell^give 
a fair current to a small lamp, but the 
jxu'ous j)ots are soon ruined--stiinetiinos 
the bottom coming completely off. 

: Hut to make a cheap battery of tlii;i 





134 


ELECTRICS. 


doscrijjtion for IjuIN, the elements must 
lie reversed. In the outer jar sluniltl 
he a lar^e surface of carbon in hichro- 
inate bolutinn (adilinir ;i few clroj)^ of 
snlphune aciti), the lumps of graphite 
packed closely round the pimuis pot. 
inside the porous pot a stri)» of zinc is 
jdaced in a solution of salt. Two of 
tliesc cidls coupled for intensity will he 
sufficient to ring any ordinary hell. If 
yon <lo not ^\i«h t<» spoil the porous pots, 
jilace just lUKuigh salt to acidulate the 
water—say \ toaspoonfnl to each. The 
hirhroinate \%ill Ia'>t a long while; Imt 
the saline solution in the jnnous jKit 
should he chaii'je.l once iu h H weeks. 
To kc^p a couple of]»orous p4»t-^ in <‘leau 
water in rc'-erve would l^e as w'cl!, as 
all the impurities would s«>al; out in tlie 
mean time, A toU[>le of these cells can 
easilv be in.uli* up hy e\]>erimental 
ch'ctricians for ne\t to luithing in c'l^st, 
a'* many have most of the materials 
required at hand. 

V6. 



(^>) tig, 7.1 is better than the ordinary 
form, being much more convenient and 
c'liiijiact, and giving a greater current. 
'I his battery is very constant, and 
will light a lamp for many hours. Tho 


coll mav he used with the usual 

chromic-Mcid solution. E.M.F. 2*03 

volts. Internal resistance for 4 sq. in. 

zinc surface = ■; ohm; coppor-wirc to 

he attached to the binding-screw A of 

ne.xt cell. This wire inav also be used 

¥ 

to slif.pend the elements. To keep the 
carbon rods at a suit ible sinal] distance 
from the zinc rod and from each other, 
small pieces of rubber tubing are 
Klijiped on each rod at the two ends, and 
arc s<‘cn Ut the sketch partly covered 
hy the clastic hands, above whicdi the 
carbons are coated with copper by 
eleci roivsis, and have sttidered to them 
a flexible ligament of fine c<»ppcr wire, 
an<l other wires (A and B) for supports 
to susjuuid the eleineiit.s in the neck of 
a hottlt*. The liganieut is cut through 
brtween the rods marked 2 and 3, so 
that when the twni elastic bands liave 
been nMuoved the carbons may be 
detached from the zinc. The ab(>»i; is 
the arrangement of carbon, and zinc 
elements for one cell, the carb'on being 
in the form of rods. 


76. 



De1aniy*s battery. 

/Wrtm.v's.—Fig, 76 is a modification of 
the stnmiard gravity battery. The sul¬ 
phate of copper is enclosed in tjie straw- 
board box, the zinc in a paper envelope, 
and the rim of the jar Iras attacherl t# 
it on the inside by a sticky subsfHncc a 
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baud of rubber cloth. The advantaj^es 
claimed ibr the cell are as fulhtwr*:— 
WJicn tlic battery is brst set «)>, the 
dust of suljdiate of copper is not 
instantly dissolved aud diiluM'tl through- 
t)Ut the liipiid, coating the zinc, uith 
c(.|ypt‘r, as is the case with the ordyiary 
cell. Several luiiiuies elapse befon» 
d‘S(*f>louration (T the liuid bej^ins, and 
then only at the Ixjttom of the c ell, fium 
will nee it rises very iiraduallv, never 
reuehiujj; the zinc. If the bo\ be lillod, 
the charge of copper ahva>s unitbnn. 
l>eposite(i or sponi^y inetaliic <‘opper 
canuot fall tlie crvstal.s from the 
zinc, and caliiiii^ or nuu*sing in the 
!>ottojn of the jar i> thus prevented. 
'I’lui ccijijier electrode is iudil tirinly m 
position, always the 


rims of the jars are clean and dry, Ihe 
sticky side of the strip should be heated 
.slightly and pressed on finuly all 
I'iiund. 

Ff icdlitndcr'*s, —Fig. 77 sbow\s this 
portable battery w itli iuc'andcscent lamp 
attachcil for ordinary use, but various 
iiuididcations of a more or less orna¬ 
mental <'baiactcr are niamifactured- 
Fig. 7S illustrates the inaniwr in which 
the <‘loctr«»dcs arn arranged '^fhey con¬ 
sist of carbon blocks and zinc rods 
attaclicd to an axis which can be turned 
from tbe outsiile by means of a knob, so 
tliat tvliMi tlic lii^bt i.s not rctjuircMl tlio 
clcctro'le^ arc turned into a hori/eiital 
jKiNiImn clear <d the jnjtiiil. Irv lowering 

them more or less, tlic intensity of the 

# « 


same distance fr-nn the 
zinc. In a battery of any 

4 V 

consideralde iiumb«T of 
ord^irj cells it would 
1 m‘ Tnilicnlt to iir<l two 

V • 

alike it* this rc'')>ect. 
There are litlic or no 
stiilactitic foi Illations 
from the /ine, aud conse- 
i|uen 4 ly no local actirui, 
rendorinff the battery 

n 4 

very useful for o|ten- 
civeuit work. When 
water is jionred in to 
make up for evajioratioii, 
liie iM|nilibrium of the 
iiuids is not disturbe^f. 
'I'be deposit on the zinc 
thus proteetial h easily 
removable, requiring no 
bai'kiug 01 ^ scnipiiig. 
One zinc will endure 




two chargoB of sulpbatR 
of cof)])ur. The band 
around the rim is tine of the most 
important features of the cell, as it 
prevents zinc sulphate from creeping 
over. It ofl'ers sfluply n mechanical 
ohstructiiui. It works perfectly in 
practice. Of •course, these strips or 
bands may be ap]>lied to any battery 
requiring fliem. They serve equally 
well top Leclancht^ battcryj au<U to 
attach thonut^cells of any kind already 
only neco.sNaiy to see that the 


l*iiciUand«’i's luitt<*ry. 

light can bo regulated. The exciting 
tluid is a solution of cliloridc of zinc 
and bichromate of ]>ota.-'Siuiu, and has 
no fume or smell. With a c.p. lamp, 
one charge of the electrolyte will la‘it 
for about lain]* hours, the exhausted 
liquid must llien be poured nwjiy and 
fresh solution iilled in, an tqipration 
requiring no more skill than the lllling 
of an ordinary oil lamp. The carlum 
electrodes, wduch are specially prepared, 
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do not need renewal, but the zinc rods 
must of course from time to thm* bo 
rcjdaccd. This jiortable battery and 
lamit is intemled for use in warehouses 
and other jdaccs whore ordinary lamps 
are inadmissihle on aeeoiint of lire risk, 
and also for use in bedrooms and otlu*r 
}»laces where light is r»nly refjuired for 
a siiort time. 

Kollowiiiir are dt'tails eon<*erii- 
ing an IS-^ell hatter) of Treeli)’s 
design, u>ing material whieh tan In; 
easily ohtaiMed, and which require-^ no 
.spc<-ial con'^truction, thuui;h it uoiild 
be better if the gla-*s cells were less 
deep, as it would reduct' the hciglit of 
the battery more than Ift. Th'* cells 
are placed iii a fraiucwork niaile of vul¬ 
canised fibre, a> it Is strong and ca^y 1 ) 
■work. 

K<»r tlie construct ion <if the frame are 
requirctl 4 }iiece-. of hhre oO.Jm. Iiy gm, 
by lin., and tiiese will make tiie 
uprights; 4 jiiecos 15iin. hy -in. !>}' 
Im., for cross bars; 2 pieces Kl^in. by 
13in, by .^n., for the to]> ami bottom of 
frame ; 2 pieces 4Gin. by tt‘in. by [Jin., 
for the sides ; and a piece of }in. plate- 
glass, 45iin, l)y Kl'*in. for tin; hm*k, 
together wdth 19 I'ieces of *in. patent 
plate-glass, 13'in. hy lOiii. Tf» con¬ 
struct the framework, first take one 
the u]>rlghts, and having mitred one 
end across the thickness, take a saw, 
cut immediately below tiie mitre, ^in. 
deep, and anotlier .^in. below tliat, and 
plough out the groove with a plough 
}»Iane (Kig, 70, to]» end); tlieii ^lin.and 
4in. respectively from bottom ofuiiriglit 
take 2 .saw-cut^ JJin. deep, and plough 
out between them, making ;}in. helow 
lower groove a mortise lude -Jm. by Jin. 
This do to all the 4 uprights, afterwards 
cutting a Jin. rabbet on either side 
between theujiperand biwer grooves in 
the case of two, tlie other two being 
rabbeted on one side only as showui by 
dotted line, Fig. 79. When this Ls done, 
take tiie two last uprights and cut 17 
groove4-2.'jn. a)>art, Y;,in. deep, by ^in. 
broad; these will tlieii have the ajjjiear- 
ance of Fig. 79. Now take the two side- 


aiid bottom of each, and after laving one 

of tiie grooved ujirights upim tiicin, 

mark oil'and cut 17 grooves (‘brrespond- 

iiig to the ones made in uprigiit.s, Tliese 

must e.Naetlv meet when fixed in their 
* 

]daees. Again, take one of the sides, 
and, rfi'arkiiig off Im. from tlie top, hore 
exa< tlv in centre of .sirle a iln. hole and 
17 otlier ones 2.'.in. from each other; 
these hulrs are for the ruhher tuhing 
which convey’, tlie gas to the cells, an<l 
wdiich are i uiueeled to the gas-taps M, 
Fig. SI. f)n the other side mark oil* in 
tlie s.'ime way, boring two ‘in. holes,’»in. 
from either side. TiieNV are for the 
eoniiiMding wires from cells (Fig. 8 “), V 
being binding screw's, the small ilots 
aho\ i* being t lu* holes. This lia\ ing been 
done, lak** the two toji and bottom 
jiieces l.‘»;in. by 13iii. by iin. and cut 
two rabbets Jin.<leej> on tlie l)oftoiu side 
of the toj> piece and the t<»j> side of the 
bottom lespectively at the back—tiws'.e 
rabbets being for the glass Iviek to tit 
into—afterwards fitting them Siotli to 
the shies liy cutting their corresponding 
mitres on right anil left. Now when 
tw'o of till! cro.'-s-bar.s have been mitred 
at their ends and the other two have 
liad their ends sliaped to tenons so as to 
fit into the mortise-lude at bottom of 
ujiriglits, the framework ought to be 
completed and merely require fixing, 
wliich liad better ho done with bichro- 
maled isinglass glue, being careful to 
rough the jmrts to be glued with sand¬ 
paper or a coarse file, using small bia'is 
serews 'in. long for fixing the sides and 
cross-liai's. and red leail joitty for fixing 
the glass ftack. 41 

When thoroughly secure, varuisli with 
a stillisli solution of sludlac in spirit, to 
which lias been added, whilst warm, 10 
]M!r cent, of solution of rubber in 
chloroform and 2 per cent, of copaiba 
oil. When tlie varnish is dry, slide the 
gla'^s plates into their grooves. Fig. H4 
will perhaps give a general idea of the 
battery wluui fitted with* cells, (i being 
zinc wings slojied forward in order to 
concentrate fbe draught, and on which 


are hung tw'o lea<len tuh< 5 s E, with 
]d«ces, 40iii, by 9Jin. by Jin., and jdaue 1 branches terminating in«little cups to, 
a mortise cut -Jin. dceji i^long the toji ‘atcli drips from battery cells, the 4;bOYP 
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lieing so pivoted that tijey can swin^ ou';ht to bo about l*8ft. liijrh,and which 
round when the cells require to be taken terminates with a large ventilating cowl 



A, vulcatilHod frame groovos for sliding glass partiHoiis; I), ovornow drip tulvs; K, gas 
regulator; screw cap; H, core llout; M, g.is-rocks h»adjiig crlh; N, brackets for 
fixing gaspipi*; 1\ pressure Indicator; U'K, shunt bimling'seicns; S, nuiiii blnding-s-creys; 
T, tap for condensed water; condenser \ V, laiiqi; X, damper fttr draiigiit; i, ulndmg- 
screws from colls. 


out of tlieir compartpieiits. In Kijr- 
will be Seenid' the ti leadiiiL, 
Irpm^^attcrj* box into chimney which 


to ensure always a tlioromjh draiiirlit 
tiirowgh batten Imi\, and of the other 
parts shown in Fig. ^0. \V is a rerep- 
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farle for any wator (‘oudonsoii in 
chimney, X heiat: n damper (‘outained 
iu it, T a .small tap or outlet, for 

condensed water. It will also he seen 
from Kiij. Hij the positiuti of eell^ allows 
of a clear 2 ’;in. space helimd for drauirht. 
In Fi*;. 81 M i.s a brass* tube lltted with 
18 no/zles and taps, Jiy whicdi to con¬ 
duct Ijvdroiren iras to cedK, tliese ludnir 
connected liv nieuus of short len^llis of 
IU. rubber tubiii". 'J’lio brass tube 
terminates at the toj» iMth a presMiiv- 
iraipi^e P, and has at its bott(*m end a 
j’ci^ulator K. wlii<di regulates bolli the 
jirc.ssure and quantity of for it will 
l»e seen that when the i:;as i*> tunie«l on, 
llie float II, wdiieh is made (jf thin iron, 
riM*s until a series of small peidoratums, 
iialfway aloni^^ its lenitth, come ojiposite 
the openno^ of pipe leaiins^ ^asto cells ; 
then oil any lauiji bein^ turned <iu in 
the mam S, a shunt current K passe.s 
throm;ii Tei!;ulalor and controls the 
ens according; to tlic resistances of 
the lamjis in parallel; the re"uiat<»r can 
also easily he adjusted by turnin;^ sciew'- 
cap L. 

It mar seem unnecessary to have both 
a jiressure ^auire and tajts to all the 
nozzles; hut, apart from the conveni¬ 
ence of shuttiiu^ otV some <*elN, in case 
of a lcaka;^e of hydrocjeii j^a^, wliich has 
no smell, it can at once be determined 
and the cell cut off It will also be 
jMTceived that the bobbin of reirulator 
is a shunt on the main ieadin <4 wires, V 
Ijeinir a larnji inserted in shunt; hut 
this is quite optional, a-* i>_v reversing; 
the re'^ulator and reailjustim^^ screw- 
cap, it (an he u-itd direct on the main 
]ca<ls. 

Now to come to one f>f the most 
important parts of the battery—viz., 
tlie wire mesh frames to fit into i^lass 
cell. For these are required 80 pie<-es 
of vulcanite, 12^in. by ;dn. by Jin., 30 
pieces 9Jill, by Jin. by Jin., anil these 
will make the 18 foji or positive frames, 
and for the bottom frames will he 
riquire(J the iarne number of pieces, 
12Jin. by Jin. by -Jin. and 0}in. by Jin. 
by Jill. res|>#‘ctivtdy. All these can be 
nicely cut out of tw'o half-sheets of 
vulcanite -Jin. thick. In addition to the 


above w'lll 1 required 18 piece.s, IJJiii, 
by 8 ]in ,ofMl\ir wircirauze, 120 mesh, 
and is ]tieces, l 2 iu. by 9m.,*toj^edher 
with several leiiiiths of copper or silver 
wire, \o, 18 and a ^.od many 

gutta-perclia winp-lashes fnr sealiin^ in 
with, aiid 30 sfri'iiij elastic bands lin, 
wide. 

The first thinfj to do is to mitre, 
mi>rtiM', ami tenon all the vulcanite 
strips, aud to take a saw-cut Jin. deep 
df'Wii the ii.side from the edije, 

borim^ a liole on one side, 4iu. from top 
siile, fiu* the connectmij wire to jiass 
tlirou^h -82 and 83). On tiie <>ther 

side in the emtre on outside of frame 
file a .small j^roove about J in. wide 
across it; this is for the rubber 
tulun*'. 


h:i. 



Wire mesh. 


The next lliinij, after fitfintj all the 
fr.imes, is to fix the silver-wire mesh 
inside them, ami to do this first take 
tlie gauze an I turn it up Jin. all roiinil, 
running a silver or copper wdre, No. 18 
li.W.O. under the laj), t\vistj,ug the two 
ends together where they meet (Fig, 
83); tlien taking the shorter ]»iece of 
vulcanite with the hole in it, pass the 
twisted wires through and jire.ss the 
wire edging into saw-cut by means of a 
blunt screw-di iver. This also do on the 
op|tosite side with *^the other piece, 
Kiddering the wires to the mc.sh with 
metallic putty, and .sealinsi over the saw- 
cut with a piece of gutta-percha whip¬ 
lash ; then take tlie two longer jdeces, 
and having placed the other sidt* of the 
wire mesh into their respectve saw-cuts, 
fix the ends of tlit* pieces iu their 
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with a solutiim of f^iit.ta, jiassins; a 
rubhor baii<l all round the tVanic. Now 
jirpss th(f'\\ire odi^iuc houK* on cither 
bide to bottom of >aw-cuts, soldcriiiic as 
before, anR bcalintj with |^utta-])errha. j 
This will strain the wire ine'ili, and 
make it quite tij;ht ^ an nhsolutoMoee*;- 
sity for the proper W(»rkinj; of the cell. 
Tiie wire mi»sh-]>hitc is now nearly coin- 
jdeted, hut will have to be placed m a 
silver bath until the wires ^^'Ulze are 
cemented toi^etlier, when it will have to 
he transferred to a jdatinum }»ath. All 
the other frames must he treated in the 
same uav. When the smaller frames 

H* I 

have been sealed in the bott«nn of their ■ 
respeetivo clfl‘'S cells, place the larcjer ; 
ones <»ver them, on tlo* upper side of , 
whieh has previously been jilaced aho\it ■ 
^ Jib. p;ranulated plntiulsed rurhon, about j 
the size of 4 or siiot. The cells are , 
now ]>ractieally finished, except for ! 
th'^\ddition of a dilute ii< id, and can 
]dacqfl in their ditlerent compart¬ 
ment »,• 

No doubt the above is capable of many 
improvements, such as the corrutratiou of 
the plates, closing up the face of battery 


molecular jtorosity of the jdatc will he 
tiiiu’h increased. The last charging had 
better remain in the jdales until the 
gas is turned on to battery, as owing 
to what I call a molecular suction the 
! freshly-liberated hydrogen from gas 
apparatus seems to take the jilace of the 
hydrogen diM'iigageJ in cell more readily 
W'lien circuit is closed aftcrwJirds, 

Now as to cost and ctliciency. The 
cost is e.T'-ilv calculated. an<l woubl he 
j hi'twecn rut/, and (itV,; the absolute 
‘ ethciciK’V is didicult to calculate, hut as 
I the (urrent density in discharge lias 
varietJ from *1 to nearly *d ]>er sq. in. 
in the several kinds of jdates €‘A|»eri- 
mented uith, I think 1 should he justi* 
lied in stating that a 2.'>-ceU battery 
<'ons1ructed on the above linos, exposing 
MOsq. in., or 1 m|. ft, *»f negative area, 

; would give about 1 electrical II.1*.—a 
j)t»or result from such a mighty edifice 
of cells—and would cost- from MO/, to 
9o/., oi lud nutre than a lirst-class gas 
engine of the same )>ower. Of course, 
future iuiprovenieiits would gri'atly 
iucieasethe output of the above, and 
might jHi^sihly reach ‘J H.l’, or IhOO 


auflfusiiig forced draught; hut the wire watts. 

gauze plates will only he beaten by thin With regard to the working of gas 
jiorons metal ones made of some less batteries, tluTO is a critical point at 


costly metal. The didiculty of the cell which the greatest etfect takes ]daee; 
is that it must be kept absoluUdy level, this is that point at which the coinldning 
so that the positive or upper j>late is elements occupy the least jiossiide space 
never out of capillary attracti(»n with witliout giving or losing heat to the 
the dilute acid in the cell, and yet it surrciutnling Mdntiou. Thus, in an osy- 
must he never underiuath the surface, hydrogen cidl with perfect plates the 
To renifidv "this 1 tried floating the critical ]>oint is 4*^ 0., but the inter- 
positive plate; but this s<» diminished nmlccular porosity increases with the 
the availaWe surface that I prefer temperature, and fhe temperature 
the level kept constant by Overflow increases the pressure, of gas at a con- 
tubes, such as ]), the evaporation stant volume, therefore the temju'rature 
being also ke]>t constant by turning must vary us the thermo-molecular 
damper X. This latt-r will he fairly porosity of the material, of which the 
ra})id, us the air not only ]iab8es over, hut plates are coinjiosed, and the pressure 
perineates throug|> the layer of carbon must vary as tlie temperature, to obtain 
in cell. a oonstuut Vidiime, and .since it wdll he 


It is as W'ell to mention that before , seen that the limit oftemperature must 
turning gas ou to battery, if all the cells lie between 4° C. and 100'’ C., in all 
are connected in parallel and coupled probability unless the utn»»s]dicric 
to eight J-gal. Iliinsens grouped in series jires-iUre on positive ]»late is increased, 
of two for aboutlO-20 inimiteSjdischarg- the greatest effect woiild take ydaco 
ing once ort^ice, but being very care- when the negative plate is heated to 
ful aot to attack silver mesh, the i«tcr- lOO® C„ using a pressure of gus at 5 ‘ 2lo. 



Tri’f’by'h iMltory, 

A, vrtlciini*tp<l filtn* n. mIhk*? ; (\ jjhito Rbisq dividing cHl ^mpartm^nts 

I>* ovr-rflow tiihi's fn^in crll; K, wiu li cupH and tuiMifl to lond awiiy overflow dfl|> 
J’, bfiRin to hold !i!iqdi|s water ; (f, j!hjc wings to cquf^n^ratc ({raqg^t, * 
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j>pr sq. UK, tho snluti<*n 1 ‘oinaiiiin^ a | N\lion tin* mital will lx* with 

4° 0.; hut, of c*MU\sc, in actual practice, _ tmy httles, ai’cordiiij; to the roarsenchs 
a conijiromise must he niaile, so as to of the nicsh usimI. (A. Treehy.) 
i^ive the^ best results. Thcrofujv, I , Jlolt cr —The desire to obtain an 
MiiTgost tTiat the negative jdate he ni:oh* <t]ien-( ucuit l^atteiy (rf large generating 
veiy thin, which also increases its inolt‘- jiower, and one which sliouhl quickly 
ciilar porosity, so that tiuM-nergli of the recuj'eratc. It-d to tlic con^tnu-tion of 
current may generate tin" lieat required, tlie lhdl/."r * \liiidei' hatlery ol the 
and that V»o ]M)siti\e )date he Uej>l ctn.l Letlanchi- tvjie, ^h^»\vn in Fig. hf). As 
by tlie evajKU'iitioii wdiich takes place, will he seciKtlie battery tousists practi¬ 



se that the solution in the inunediate 
vicinity of the ]>I«te where the ooinhina- 
tioii takes ]dace shoulil he as nearly as 
}iossihtti 4® <\ ; alv) a hnv temperature 
is more conducive to the formation of 
ozone ill the carbon above jiositive 
])late., It may he worth inontioning 
that A very thin pTate can he made by 
taking very^hin metal foil and burnish¬ 
ing* over a piece of iron wdre. gauze, 


cally of two parts only, as the v\ liiuler, 
zinc, and connector form the first ]tart, 
they hein collectively united ami 

forming ]iicct* alone ; the sectuul 

part hemg th(‘gia^s jar. The cylinder, 
resting on tlie t«)p of the jar,Torins by 
its Weight a well-sealed joint, thus prfr» 
ventiog evaporation ere arc no 

j fragile jiarts to be easily broken, hot 
I one strong heavy carhon of cylindrical 
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form, haviwi; a biinJing post well secured 
to it and thoroui'lily protected from 
salts. The zinc is separated from the 
cylinder by a p<trce]ain piece of wefi^e 
sha])e to secure a close fit. ’rhiis is 
presented one of the siniple^t and most 
practical forms of Lcchiuchc battery 
obt.*iinable. 

Imchcnetzhi —This battery has a con¬ 
siderable H.M.F. and very [jreat ccni- 
st.incy. d'ho extcinu’ ctuitaiuini; ccdl 
is ((f tinned iron, with a base of cast 
iron ; the interj<»r cell, (‘pen at the base, 
is of paratlined cartilMiard, and Civutaiu^ 
8 porous diaphragms. Melted i»aiMfrin 
wa\ is i)ourpd at tin* huttoin *>f the fir.-^t 
<•(*11, and when thi.s C(dd the iecond is 
introduced. There are thus \) com¬ 
partments perfectly in->ul.iteii, <d’ which 
4 contain sulphate of soda with plates 
of zinc, and tiie other o arc filled with 
chromic acid with electrtnlcs ofsjieciallv 
]»i'cpared i:ra]thite. The interior cell 
being a little lower than the exterior, 
two iiatten(‘<l funnels can h(^ placed in 
the spaces hy which tlie two Miliition.> 
are poured in. The Inpud arrivt^s at 
the same level in all the comjiartments. 
At a certain height openings are made 
by which the cxci'ss li^piid can liow 
through. An outlet is mailo at the 
bottom of the fir>t <‘eli hv wliicli the 
whole of the com pari men can he 
emptied by the .simple turning of a tap. 
The p<jsitivc elcctrod(‘ is in c<»inprcss(-'d 
grajihite, with a m<dallic gauze, to 
whi<‘h the terminals are hfddered and 
covered with ]ianilliii wax. The graphite 
is light and ver'" compact, so that the 
liquid iu which it is immersed does not 
rise by capillary attraction and does not 
oxidise the terminals, which usually 
happens with other batteries. In cer¬ 
tain types the negative pole is al.so 
made of grajiliite. The K.M.F. of this 
battery is about 2-12 volts if both 
electrodes are of grajihite ; the internal 
re.sistance is 0‘08 ohms. 

Iron .—A novel and simple form of 
electrib battery has recently been in¬ 
vented in Italy. It consists of <‘onical 
vessels of ca^t iron and [loroiis earthen¬ 
ware, with nitric and sulphuric acid. 
An iron cuae is placed point downwards 


ill a stand, and is partly filled with 
strong nitric acid. lu this there is 
placed a cone of porous earthenware 
containing dilute sulphuric aj;id, Tlien 
folhuvs ail iron <'one surmounted by an 
eartheuware one, and so on iu a series, 
each vessel containing its respective acid. 
It follows that the inner surface of 
each in>u vest^cd is bathed in nitric acid, 
and becomes pa.ssive, acting the part of 
the platinum or carbon in an ordinary 
cell. Tlu outer surfice is attacked bv 
the dilute sulphuric acid, and takes tlie 
place of the zinc. There are no con¬ 
nections to make, the simple building 
of the pile putting nil the parts into 
union. The eartheuware Cones are 8 iu. 
diameter and 4 iu. high, and contain 
550 c.c. of 10 per cent, sulphuric acid 
solution. Th(! iron vessel cuutaius 110 
c.c, of nitric and sulphuric acids, the 
latter being 3 times the volume of the 
tbrrner ; tiO olcmentR, arranged it- Lwo 
jjiles, hav»' a resistance of lOj ohms, an 
electro-motive force on open circuit of 
81 volts, and on closed circuit of 45 
vtdts, with a current of 4^*, amjHTes. 
After 5 hours the diirerein'o of potential 
falls to 28 Volts, and the current to 
2 jYi ampi-res. 

Knnsminc .—liy making use of the 
phenomenon of dithisitui, Koiismine has 
.succeeded iu overcoming the increase in 
iiitornal resistance of tlic bichromate ot 
pota.sh battery due to the formation ot 
crystals on the jiositive electrode. The 
]iohitivo carbon ehictrode consists of 4 
strips attached to the liii of the battery. 
Tlie negative zinc electrode consists 
of a ciicular grating, re:.«ing on the 
bottom of the battery. By means of a 
funnel a 15^ B. solution of sulphuric 
add Is introduced, until it just reaches 
the lower end of the carbon strips. A 
(5 to 7 per cent, solution of bichromate 
of potash is next introduced. The two 
liquids do not mix, on account of the 
great diflbrence in their densities. When 
the battery is short-circuited, it is easy 
to see that chemical action only takes 
place dose to the lower end of the 
carbon strips, wliich are gradually 
surrounded by a violct^nng 2-3 mim 
deej>. Above this region the tlchro* 
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mate srilution retains its ori,u;inal colour. 
The bichromate solution beiin; very 
weak, the chromic crystals disMtlve as 
soon as tl^*y are formed, aial tl)o [lo.si- 
tive electrode is not covered hv a 
dejjONit as in oiber batteries.^ The 
solution of these crystals, havini^ a 
p;reater density than the surroundin'^ 
liquid, f^lls t<* tin* b*tllom. The .sul¬ 
phate of ziue also falls to the bottom of 
the cell, causing more suljihuric acid to 
rise. A ceil tested liv a c(*mmittee of 
cx])erts showed :—Height ‘JOcm., dia¬ 
meter, 15cm,, surface of zinc 17bsq. 
cm,, bichromate sttlutbm U ]»er 
sulphuric acid l.V^ lb After having been 
circuitcMl for Hi hours ou an external 
resistance of'o-ohm, and then left <»u 
op<‘n circuit for HbJ hours, the cell c<m- 
tinued to work for 4J hours, when the 
circuit was again closed, and it ga\e 
during V,\ honr.s 3*5 ampere-hours for 
an^^xitenditure <)f48grm. of zinc. 

^ Jfalt^Hde^Ch'tjiCron. —The inventors 
hopoil from experiments they made 
that hy combining zinc and an alkaline 
solution witli an ctiicient depolarising 
they could fulfil the necessary 
conditions for a cell whicli should 
remain mounted for a long ])eriod, like 
the J40clanch(?, whilst furnishing a ciui- 
slant and largo current, sexeral amperes 
for instance, though but of small 
dimensions. Following out this train 
of thought, the trial of inetalli<’ oxides 
as depolarising material, a large num¬ 
ber of whiclj are insoluble in alkalies, 
was naturally indicatetl. Among all 
those examined none seemed to sup])ly 
elecinnles Jl* such capacity ns oxide of 
copper, Peroxitie of manganese gives a 
high E.M.F. with an open circuit, but 
in alkali elements, as al>o in .sal-ammo¬ 
niac elements, polarisation ensues very 
quickly for a duty of some importance. 
They did not thi«K it wortii while to 
follow up the examination of this 
combination subsequently extolled by 
Leuchs. The various oxides of irou, 
natural or artificial, turned out badly, 
and were not reiluced in any appre¬ 
ciable manner in the battery, llow- 
cver, the small layer of oxide formed 
by Aidation through heat on plates of 


I iron [dared at the positive ]»olo was re¬ 
duced rapidly enough, and made good 
conta<*t with dcjiolarisers, even solids. 
Thi.s i|uaHty of making witli the posi- 
ti\c electrode suflicieiitly good coutMct 
to allow the battery to work well, to 
make good contact, is very variable, 
not only with the nature of the oxides, 
but. also with tlieir jdiysical state. 
Tims oxide of copjicr formcMl by roa.st- 
iiig co])j»erin the air is generally found 
to be in goi»l condition f(»r use; W'hilst 
chemically [>recipitatc*l oxide makes far 
inferior contact w*ith the electrode. The 
hiuoxide of mercury, which it would 
:ipj>e;ir shouhl show ]iro]iertieH very 
tnueh resembling those of oxhie of 
copjier, deiKiiarises slow'ly ami badly, 
W'hether it is used w'itli a supiiort (d' 
coj>]»cr, iron, carbon, or even mereury. 
Oxides of the precious metals (silver, 
jdatiuum, g<dti) give high electro¬ 
motive forces, and dciiolarise regularly. 
Oxide of silver has given, in l>*Arson- 
val’s hands, an K.M.F, of more than 14 
Volt. rnha|*pily, the [iriee and the 
hii'h molecular weight of silver render 
its use very limited. The battery thus 

4 • 

formed i.s not completely reversible; 
the silver reduced to (»xide in the w'ork- 
ing ol the battery only absorbs ele<‘tvo- 
lytic oxygen in an incom])lete manner, 
whilst with copjier the abs(»rption is 
c(unj)lete up to juU'fect oxidation. The 
same electromotive fi>rce.s are obtained, 
in fart, by the use of the oxide or 
chloride; the latter, having a heat (»t 
formation far higher than that of the 
oxide, evident!)' will 4 iot give the same 
E.M.V. unless itumlergoes upreliininarv 
transformation. High electromotive 
forces might be hoped for with the 
higher oxides of nickel and cobalt 
t)btained by an electrical recharging of 
ebuneiits working as secondary bat¬ 
teries; but those i»rodurts make bad 
contact with the supports. Oxide of 
bismuth, on the contrary, which is 
formed by using the lower nitrate, 
might onswer rcadilv: but it? is verv 
inferior to oxide of copper, Binoxide of 
lead cannot be usci!. 

Having ascertained in a general 
manner that the combination of the 
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propcrtii'S oxitlt* of roppor aiol timsf 
of alkiiliiH* .solutions oiialilr.l lliorn to < tui- 
strnot a roll \^hl^■h Wiuild last and i;i\e 
a Id^h duty, it r<‘in;uiu’d to di‘>ii;u j 
siiiipjf foi'iu.s for diilrnoit 'J'ho { 

use of a-^olnuiorato dopol ironi:^ solidi i 
has Im'OU iimrh uphold. I’rodiuts }m\- 


havo at last a uniform tliirkness of only 
*:!-*;> nun. In hattories at rest the 
.separation of the solution of ]K»tash and 
tlio saturated sulutiou of zinratc which 
tails to the hi'ttom niav he enough 
to pcjiint td' rencuMig the e.\citing 


ing ciu‘r^‘‘th‘ depolansin^r pri^pcrtlos, 
and otlhriii^^ great resist.lUva* l(» tlie 
dissolving in-tion <d‘<a'utie alLahes, .ue 
prepfire l hy mixing .1 small f|uantity o|* 
o\yelil«>ri<le of niagnesiuin with oxide of 
eop])or, and nmuldiug tlie mateiial on a 
metal support to ensure I'ontuet. This 
method of using the oxi-le readilv per¬ 
mits of the hirm.ifnoi of eleimuits <d 
Mnall volume and largo suri.u'o. It i'' 
neee.ssarv to remark, however, (hat 
under <u’dinary i-ouditums, when the 
battery must m»t he re*charged att<r 
running »lo\\n, the'u aggbnn('rat»* jdales 
beooiue, us iu the Leelaiudie cell, a Use¬ 
less residue, and tlie \v«'rk expemled in 
their manufueture i'. entirely thrown 
awav. On the otlier hand, the pure 
metallic copj»er obtained hy the ledm- 
tion of the umnixtd om<U* i.s f.ir fimii 
being valueless. At ('ordinglv, it smuiI' 
jimi’e ju’actic.d to apply tlie oxide to the 
etnnlucting suj'jiort, which in tins e.oe 
simuld l>e hou/.outul, hy its <iwn weight 
alone. Coiistno ted under the>e ( oii- 
ditions, in which the depidari.sing 
material lests on a jdate, oi, better 
Mill, at tlie lioltom of a metal jar, is 
tlie nuist handy iorm for nuim'rmis 
purposes. The use of ag^Ujmerate 
jdates should he leserved tor fijieeial 
cases. 

In tlie-e eelK tin.* //me is ]daee<l in the 
npjMjr part, and wlien in ^y<uk the very 
dense .solution ofzincate ol‘ pr>ta.tli winch 
is formed falK to the iMittom of the jar, 
where it lies in a syrupy layer, so that 
to the very end the zinc in <:onta<*t 
with the dilate alkaline rnpiid which 
.shoiijtl attack it. This it doe-i uii<ler 
these conditions with perfect legularity, 
whilst plates of zinc imineiveil !i.s far as 
the h»)tt<nii <jf batteries of the .same 
kind fU’e. e:it,**n away with iiicrea.-iiig 
rapidity from bottom to A }>!ate 

of /me o inin. tbi^-k, jdacisl horizontally, 
can be eaten away so regularly as to 


. li^juiu b\ s\ phoning oil tlie saturated 
I p.arts to rejdaie tlieui. Soda giveif 
, appai'iuitiy tin* same results ns potash, 

1 both an regards K.M.r. ainl internal 
' reMslaiice. I*otash avoids tlie fornia- 
! tioii ot creeping salts* 'I'his incoii- 
1 venicncc c.in, Imwever, be avoided iu 
largt: cells by .simply c(>veiing the 
.suiihce with a li'juid not attackahle by 
. siula. It isusetul to 4*m}doy suineiently 
I ci»n'-entrated .solution.s, up to .'JO-dU per 
bn* instance. A stdutioii contain¬ 
ing r>-(» }H‘r cent, of jmtasU <lissoUes 
I but very little oxide of zinc; and a 
I .solution (tf alkaline zincale precipitates 
oxide of ziuc when diluted with water. 
Tiu'ic is, therefore, a far greater 4 .tf*ela- 
live proportion of unused alkali 
mm'e dilute the solutionis. \/heu the 
alkaline solution in the battery i.s 
.s:iturat,<d, tlmugli the circuit be closed, 
the /.im- eoutinm^s nevuTtheless to be 
attacked; iuit then oxicie of zinc is 
deposited us ritiicli at the );ottorn of the 
j.ir a-. <*u tlie /.luc, wiiich it covers with 
a h.ird cru.st. The a|^M*aran<*e of tliese 
de]M).‘.it.s indicates the'e\haustiou of the 
h.ittory. The carhmiic acid of the air 
is al)sorl*ed hy tlie jiotrusii of the bat- 
t4*iie.s, espei ially if tlie surface is not 
pri»tected by a cover or layer of luiuid. 
d'his absiji'ption, which otherwise is 
Very slow, is only inconvenient so far 
as it venders useless thw quantity of 
]>otai-h converted into the carbonate 
state. Wiien tlic alkaline solution is 
saturated with oxide of zinc and 
remains exposed long enough to the 
action of the air, it causes insoluble 
crystals to he <lepo^ted iu water (which 
a]>pear to be oxide or hydrate of zinc). 
One serious iiiconvenieiico is found in 
nearly all batteries inttinied to remain 
untom bed for a long period; that is 
tliat the zinc, even with an open circuit, 
i> rapidly attacked at the levtd of the 
Iniuid and to a sinall diaUince btdow the 
surface. It may in tliis w'ay \m com- 
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pletely cut in two, even if it be a thick 
plate, ami the working of the cell be 
stopped. The u^e of insulating vai’nish 
or protecting; bands <»f rubber gets over 
this di<li{:ulry. If the zinc be suspended 
b}' a wire or rod of any other scduble 
metal, a local cou]'le is formed \fl»ich 
rapidly destroys the electrode at the 
point of atf.'chnn‘nt. A rod or })late of 
brass or of nrnalgainated copper may be 
iised as a sii]»port for the zinc. Amal¬ 
gamated zinc will lu't form a couple 
Avith amalgamated brass, even after a 
long period of immersion. This nietliod 
is adi>j»le<i for all batteries re(juire<l fir 
any length of time. The zinc is alwavs 
completely immersed and suspended by 
a coudue.tor of amalgamated brass con¬ 
nected with a terminal. 

The oxide of <‘opper battery can be 
made in many diderent forms, accord¬ 
ing to the service it is intended for. 
^lodrks with an cxtornal iron jar oiTcr 
tkt! advarfage of being hermetically 
closed, Aadily portable, and of great 
Solidity —very important tpialities for , 
cells enclosing a caustic liquid. In one 
of these forms (Kig. HC) tlie outer jar, of 
'ODim diameter, looks like a shell. It 
constitutes the ])ositive pole : ateriuiual 
A projects as shown. The outside of 
the jar is paratlincd when cold, so as to 
}irevent rust and slmrt circuiting. The 
zinc 1) is formed of a cylinder ‘02in, 
diameter, soldered to a rod of amalga¬ 
mated brass K, fitted in a rubber tube 
G, and carries the terminal F. 
tube is also traversed by a metal 
terminated by a plu 
split rubber Cubing, 
usually delivered tilled with the potash 
solution, so that to mount them it is 
only necessary to throw in the ]»rojK*r 
<|uantity nf oxide of copper, which 
spreads over the bottom at II, and to 
close the cell by n^nus of the rubber 
stopper carrying the zinc. This ar¬ 
rangement is yiarticulavly handy for u.se 
in rooms for tel^ihoncs or electric bells. 
This type will give a duty amounting 
to noRrlj^2 nmji^res, A smaller type of 
'05m, diameter is fully capable of 
several years' *e1fertri« bell work. 

Fig, oft? shows another type of ber- 


inetirally-closed cell which has more 
recently been broiiglit into use. It has 
a large surface, •li2ni. diameter, and 
gives a duty of 8 to 10 ainjicres, which 
allows of its being used f»r the samo 



I^aUnde-Chapcion battorj'. 

purposes as the Bunsen and bichromate 
batteries, viz.:—Charging accumulators, 
lighting houses, electro-plating, induc¬ 
tion citils, &c. The arrangement of this 
cell is A'cry similar to that of the fore- 
Thc oxide of cgp]icr B is simi¬ 
larly spread over the lutttom of the jar; 
the zinc I), consisting of a long plate 
rolled in spiral ftirm to otVer a large 
surface, is susjicndcd fnun an ebonite 
cover G, fitted on to tlie mouth of 
the jar by means of scicws, as 
shown, and having a rubber washer to 
secure the joint. These large elements 
ha\ethe same charge ns large trough 
cells viz., 2 kilo, jiotash and '9 kilo, 
oxide of copper, and can be used fc.stead 
of them for all purposes. They arc 
capable of a considerable amount of 
work. For instance, a trough battery 
has kept an Edison 5-candle lamp alight 


The 
tube 

H, formed of going. 
These cells are 
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for more than 200 hours. By ushijr 6 the support of the depolarising material 
elements one ran carry on nickel- is of copper, a small quantity of the 
plating work during nearly 2 months latter is dissolved, giving a blue colour 
at the rate of 7 hours per da)', which to the liquid. The cojiper obtained by 
requires 3 Bunsen elements. The latter the reduction of the oxide, however, is 
require to be remounted every 2 days, not dissolved. By employing iron or 



l-alandf-Chapcron batter)'. 


and do not give nearly such a constant ! cast-iron as a support this attacking 
current, thus causing numerous troubles. ‘ and dissolution of the copper is avohled. 
These iron batteries have the remark- provided that the oxide used has been 
able pro]>erty o( being able to give with- , free at the outset from metallic copper, 
out polarisation a duty of far higher The great didiculty lies^.n the deposi- 
force than corresponding non-metallic tion of zinc. This metal is precipitated 
combinations; it seems tliat the surface 1 in a form which is not sufticiently 
of the iron must he charged with coherent, particularly when it is re- 
occluded hydrogen, whicli is carried ’ qiured to have nuKlcrate thicknesses, 
gradually as far as the oxide of copper, This difTic.ulty may be avoided either by 
and thus assists the dep(darising action precipitating the ainc on a very large 
in a continuous manner. i surface of brass or amalgamated cnpjicr 

It remains to design some practical (on a mass of copjier shavings for in- 
reversible batteries, having a large and , stance), or by ])re('ip'ltating it on a 
sTnall^iily. When an oxide of co]»per ‘ horizontal surface of amnlgttmatod 
battery i.s exhausted, and a suitable . brass, covered with an exeesa qf meren-ry 
current ia made to traverse it, the and furnished with depressionK for this 
oxygen at the positive pole is wholly metal to lodge in. Tffb under part of 
absorbed by the reduced copper; but if i this supjiort is further covered “With on 
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iii.*^ulator. T]io zinc can then only 
arrange itself on the surface, and as it 
iintno<liate]y amalgamates, the deposit 
iK'fonios coherent, and can, without 
loss, furnisll^a fresh amount of current 
by its tlissolutioii. 

Midat, —Iin]>ninis, it should alsvays 
bo borne m ndud that the circulatum 
of the liquid is of fundamental import¬ 
ance in electro-chcmica! generators, so 
that all so-called “<lry ” (really mmst) 
ieitteries necessarily fail in a most 
essential j>articular, and are even con¬ 
ceptually faulty: it is, therefore, 
clearly out of tlio question that, a 

f\yy w battery of a certain ooinj>ositiou 
should ever be as eilicient as a “ wet ” 
battery of the same compositiim, and 
the employment of a “dry'* battery 
can only 1 k‘ excused on the plea of con¬ 
venience in handling—a plea that avails 
liut in a few instances. Even if the 
operajjons of gilding and ]ilating could 
all b<^ conducTed satisfactorily by 
the (m|>ioyment of “dry” rell>, there 
would I>c no renson whatever for pre¬ 
ferring them to or<linary cells; as a 
inalfek of fact, however, a “dry’’cell 
^ is C(^iparatively useless for such a 
purpose. It will undouldedly ring a 
bell, and if large tutoiigh and moist 
enough it may do so for a long time ; it 
will also plate, but no t»ne, except 
pei'haps the “dry battery** maniifac- 
turer, has found au advantage in having 
plating cells dry. The current of a 
dry CL‘11 K, moreover, very inconstant, 
and the internal resistance is high. 
(II. 0. L.) Being simple and con¬ 
venient, th^ naturally recomniond 
themselves to the inexperieiu^cd amateur 
who will not think for himself. Such 
batteries only act as long as thoir 
packing is moist and chemical action 
possible. That action does not last 
long, because the jew product which 
results from the oxidation of the zinc 
being practically a s*.did, cannot fall 
to the bottom* by its higher specific 
gravity, as it does in the liquid cell ; it 
remains wliere it is formed, and shields 
the zinc* against the-further action of 
the packing/ •Inventors pretend that 
the uifuite products are absorbed and 


new moisture regenerated. That is 
impossible in a dry coll. The zinc 
cylinders of these cells offering a large 
surface, the chemical action must go on 
for some short time before all the mois¬ 
ture is neutralised; so long a current 
Avill flow. Still, the non-removal of 
the waste product must speedily prove 
fatal to every dry cell. 

Kegeneratiou can be effected in 
difl’erent ways: by passing a current 
through them and making them a sort 
of accumulator, or by diluting a solu¬ 
tion, But wlio will iind)‘rtake that 
trouble, when the ordinary Leclaiiehe, 
which costs not half as mucli, dries all 
the work for more than a year without 
any regeneration ? True it is, that 
competition has brought tlie price ol 
tilt! latter cells so low that li scarcely 
pays to make them well, and that they 
often fail on that account. IJespoctable 
houses will always sell a prnper article, 
because they know' iiu\v tt», and it costs 
n<i more to make. There art* occasions 
wlien dry cells are very suitable. When 
vou go out testing nr hell-hanging, it is 

more convenient to carry a small ilry 

* « 

cell than a liquid one, and even so with 
the medical electrician. In such cases 
lasting time is not of much imjH'rtance. 

C.) 

I made up a dry ]>attcry which was 
in use d months fir bell ringing; and 
although of small size ainl very siinjde, 
it is equal to two Leclanche ctdls. 1 
cast a slab of jdaster of Taris with a 
little oxide of zinc with it, mixing it 
with water as thin as 1 could for it to 
set well, and when rtmroughly set 1 
dried it in an (tven; when dry I soaked 
it in a strong solution of chloride of 
zinc; and mixing a spoonful more of 
piiister with the same solution, I 
spread it over one side of the slab, and 
pressed a zinc plate on it Iwiforeit was 
Bet. Then 1 did thes:irae on the other 
side, and jmt on a plate of lithanode, of 
course leaving one end of each pnqecting 
for binding screws. Afterwardsirolled 
paraffined paper round the wlnde, and 
tied it up tight with string. Its sim¬ 
plicity, cheapness, and portability leave 
nothiug to be desired as far as bell work 

L 2 
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goes, and I think it would be useful for 
continuous-current work. (A. L.) 

EaditjueVs ,—Batteries ■with two li¬ 
quids, that is to say, witli bichromate 
and carbon, with acidulated water in 
the external vessel and zinc in the 


88 . 



Badiguet'a 2-liquid battery. 


porous one, have the great advantage of 
much diminishing local action, and <;on- 
scquently the wear of the zinc. The 
internal revist?ince of the pile is in¬ 
creased by reason of the jiresencc of the 
porous vessel, and so this kind of battery 
permits (>f lighting l>ut one lamp at once 
per battery. 

One of the best known models is the 
8 element battery of Kadigiiet (Fig. 88). 
In this battery it is necessary to change 
the acidulated water of the yiorous 
vessel several times before the biehro- 
matfi #i:>lution is exhausted; but if par¬ 
ticular precaution be taken in amalga- 
maiiou of the zinc, it will be possible 
to leave the latter continually immersed 
in the acidulated water without any 


appreciable wear taking place in open 
circuit. Consequently, the battery is 
constantly ready to furnish light 
through tlie Mnqde closing of a com- 
miitat<»r. Ihit, it is necpss^.ry to assure 
as cuinjdete airialgauiation of the zincs 
* as pt»ssil>le in order to prevtuit 
W'ear in o]»en circuit. 

In order to fnlhl this condi¬ 
tion, hadigUL't in the first place 
deviled thi* anangeiucnt shown 
in Fig. 88. Tin* lower part of 
the zinc (li]>s into a cup con¬ 
taining nu‘i‘i-ury, which gradu¬ 
ally rises mi the .surface of the 
zinc and prewnts h)cal action. 
Owing to tins simple precaution, 
the zincs are capable of re¬ 
maining ].ermaiiently ill the 
acidulated water, thus permit¬ 
ting practically of having light 
at any moment whatever. The 
keeping of this system i^^ordcr 
is therefore reduced ,to the 
newai of tlio acidulutfvMl w^ater 
every week or fortnight, accord¬ 
ing to the service required of 
the battery, and to the renewal 
of tbo depolari.ser every St ur 5 
weeks. 

In order to render this system 
still more convenient and prac¬ 
tical, Badiguet has devised some 
new apparatus, which do away 
W'ith the rejdacing of the zinc 
electrodes and the dismounting 
of the batteries, by adajiting a special 
negative electrode and using a siphon, 
which is primed and uiiprimud by blow* 
ing, for the changing of tht.liqtiids. The 
ordinary siphons are primed by siictioiu 
This method, which is dangerous in the 
handling of acid liquids, has ]>rcvcnted 
its applicntioti to the mannuivring of 
batteries of large discharge. The Kadi- 
guot siphon (Figs,^H9, 90), permits of 
lilowing with the mouth (without any 
fe.ir of the liquids rising to the lips), or 
of employing blowing* ap]>aratus, such 
as rubber bulb.<i, &c., which, never being 
in Contact with the corrosive liquids, 
last indefinitely.« Fig. 89 represents a 
section of this siphon * dipping into a 
vessel from which it i.s desired*.to rc- 
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tnovt! the It consists essentially j 

Kil'two^-oiieentric tuUes. On** braiirh of ■ 
tlio biplioii is encioM’d in a tul>c 1> td ! 

di.-iinrter, Iiaxinir -'it iK Icnvrr 
unit an nriftre, sninlif^i* than tlie section 
of tin- tnhe A. At its iil>]'ei j>nrt, it 
jirovided with an ajutai^e 1*, cunifectnil 
with the hnlh F, throui^h a ilexibl<* f uhe 
E, When is iuiiuerbod iu any liquid, 


It is easy to see that the apparatus 
may servo for the (:om]>lct(: or partial 
eui]tt\ing of a vess4d of any depth hy 
cau'-inc; the lenicth fd‘ th** tube and 
l>]an»di A to varv. Il', A\hen the siphon 
IS in op(»valion, it isdesjied to stop it, it 
surtires to blow innv<jlmne of air Ljreutoi' 
i tlinn the cnj'aeity of tin* lar^e tube B. 
I This air, forced through the tube A, 




4 






the level in the tubes B and A is the 
same as in the vessel. Things l»eiiig in 
this state, if the tube B he blown into, 
the pressure abwiptly increases, and the 
liquid tends to escape through two 
apertures—the lower orifice of B and 
the brancJli A of the si^ihon, into which 
it is forced the How through A 
(that iy, the priming) takes place. 


j drives out the liquid and unprimes the 
siphon. It will he seen, then, that 
through tlie same mana-uvre it is pos¬ 
sible at any moment to elVect a flow or 
stojipage of a liquid, as convenki^ly as 
hv the use of a cock, without having 
to touch the liquid, and whatever he 
the form and location of the vessel con¬ 
taining it. By means of this apparatus, 
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it is jTOSsiblc, without disturbing a i 
hath'ry of jnles or a<Tinnul;ifors, to 
empty any element and wash it as care- ! 
fully iis m;iy be desired. j 

r»ul the most ttrigiual ]»art ^'f this new i 
style <»f bifhrom.’ite battery is un¬ 
doubtedly tlie aniJilganiat iiig sujiport, 
for, i\^ its name iudicales, it permits not 
only of keeping up the amalgamation f*f 
tiu* zincs, but also of using (instead of 
})lates and cylinders <'f /.in<! of deter¬ 
minate .size)sl!aviiigs, seraji of all shajH*^, 
or splieres prejiared es]>ccially for tliis 
jiurjiose. 

This electrode is frtrmed as ftillows 
(Fig. 91). Into a cup of porcelain, or of 


contains apertures that permit of the 
free circulation of llie Iniuid. It.s 
diameter is greater than that of the cup, 
so that the sui|)hate of z^;ic may not 
fall upon the surface of the mercury 
and finally put an cud to tlie amalgaum* 
tion. 

In Fig. 92 the moreury cup is con¬ 
nected with the central rod through 
two strips of tMipj>er containing aper¬ 
tures into which passes a pin that 
likewise finverses the porcelain cup. In 
this way, all the parts of the electrodes 
are mechanically connected with eacli 
other and electrically with the mer¬ 
cury. 



[^Radiguct ’0 amalgamiitiDg supports. 

any other substance not attacked by If acidulated water bo introduced int(i 
acid, there is put some mercury a porous vessel containing an elcclTodu 

taining traces of zinc Above this cup of this kind, the following phenomenon 
is placed a copjier receptacle tired to a will occur: The mercury will rise upoJi 
hollow rod of the same metal. This is i the copper and zinc, and rapwlly coyer 
designed to receive fragments of zinc of | them with a layer of mercury, which 
variable form and size. The centra! rod will soon prc»tect themTrom the action 
constitutes the negative electrode, and oWhc acidulated water. If the^circuit 
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of the battery be closed, and it lie made 
t<i discharge a current of normal inten¬ 
sity, the amaigainatiou will proceed 
during the ojienition. If the battery 
be made t# discharge a very intense 
current, tiie mercury will s()<pi. di.s- 
ajipeur from the t>urface of the ; 
when the battery ceases to discharge, 
the morcurv' will ascend the suriiice td' 
the cdectrodc again and protect it against 
the action of the acid. 

From the ftdlowing experiment, due 
to Prof. Daniel, it is possible to give an 
explanation ot thest: phenomena, which 
have hitherto been attributed to ca]dl- 
lary phenomena not well understood. 

If, in a tui)e containing acidulatt'd 
water, we place a drop of mercury, and 
through tile tnl>e j>ass a current of a 
certain intonsilv, the inercurv will 
move along the tube in the direction o{ 
the current. There is a carriage of the 
inercurv under the mechanical a(‘tion 
^iruduced by the current, and the velo¬ 
city of mercury's motion is so much 
tlie greater in proportion as the current 
is inteiiscr. 

Analogous phenomena must take 
placf in Hailignet's battery. lu con¬ 
sequence of the attack on the zinc, and 
of the current.s produced within tlie 
battery, a transfer of tlie mercury 
takes place. Put, as the pellicle of 
mercury that has formed protects from 
chemical action the metal ujion which 
it has deposited, the reactions can con¬ 
tinue to occur only in the ])arts not yet 
amalgamate^)-; consequently, the me¬ 
chanical elVects of the intewial currents 
of the batt.ery I'ause tiio mercury to 
rise jirogressivel} to Ibe surface of the 
liquid, that is to say, until the negative 
electrode is completely protectetl hy 
the mercury from the attack of the 
acidulated water. 

Upon the whole, in this element, the 
internal currents,* when any are ]>ro- 
duced, arc utilised in the amalgamation 
of the zincs aUacked, and that, too, tlie 
more quickly in pro]>ortion as the reac¬ 
tion is more energetic. Despite those 
importdnt improvements, direct lighting 
by battened «rith two liquids is not yet 
perf^t. As it is possible to supply but 


one incandescent lamp per battery, the 
ajqdications arc necessarily limited Ut 
small spaces. Ncverthele&s, the im¬ 
provements pointed out are interesting, 
for it IS not very probable that, in the 
future, mechanical energy will be cap¬ 
able of being utiliM'd lor the lighting 
of m single lamp, and this application, 
tnodist as it is, justilies the use of 
direct lighting by batteries. More¬ 
over, tlie combined use of tlieaiiialgamat- 
ing siip]H)rt and ot the siphon primer 
by blowing allows of the batteries 
Lvim: left mounted for a relatively long 
time. Without apjueciable v^ea^ in open 
circuit. 'Die maintiui.'ince is ■very easy, 
since it sutlircs to thiow zinc scrap into 
thc^c.ssel from time to time, in measure 
ns it is consumed, jUst as we throw 
coal into a stove, cau* only being taken 
tu stir the ujqier fragmentsand to brush 
I tliem, now and then, with a hair pencil 
(like the penuK used by artists) in 
onler to clean the surJaces of contact. 
(iSli, At)i. Sufi.') 

ii'miirj.— keiiard batteries belong to 
tlio chnmiic dej'<»lari‘'ing class, in whicli 
free chromic acid and bydrochloricacid, 
more or less diluted or mixed with 
sulphuric aci<l, are used. Each element 
consists of a cylindrical ebonite tube, a 
phatinised silver electrode Imm. thi<‘k, 
rolled into the form of a tube, and a 
non-nmalgamated zinc cvlimler of a 
diameter about J tliat of the vessel. 
The ccmiplete substitution of hydro- 
chbiricfur .sulphuric acid has jiermitted 
of quintupling the specific power of the 
element. On making but a ]iartial sub¬ 
stitution of hydrochioric for sulphuric 
acid, wc obtain attenuated Hqubbs that 
give the same quantity of total electric 
energy, but with a specific dhseharge so 
much the smaller in jirojiortion as the 
attenuation is higher. 

The liquid may bo ]>repared witli 
pure or crvsfallised or with commercial 
chromic acid. As the non-attenuated 
liquid is uiistaMc and disengages chlo¬ 
rine, oven at the ordinary tem^rature, 
it is prudent not to make the tni.xtiirti 
until two davs before it is to be used. 
Mixtures attenuated to 80 per cent, are 
more stablCi aud can be prejmred 2-6 
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months previous to use. -Ml the 

liquids are }U’i’[Mretl hy niixiiii; throe 
eloiiientury Iitpiids in vanahio jiropur- 
lions. Liquid A is a solution ofehroiTiK! 
acid contaminfj, per litro, M50 r.c. 
chromic arid an<i 770 t*.r. soft water. 
Li(juid lU'l is a solution of ctniiiiu’reial 
hydrochloric arid made to indicate IS"’ 
IL Lii|uid ]hS is an aqueous solution 
of commercial sulphuric acid inarkme 
29^ J4 (density 1 ■ 2.')lo). It is obtained 
hy mixiufj 450 g:rm. ot'sulphuric acid ot' 
IJ. with 800 c.c. water. The mix¬ 
ture of the two latter liquors form.s an 
iuterniediatc liquid called sulpho-hydio- 
chloric, which is so much the richer in 
1301 liquul Ib ]>roportion a.s on*' deshes 
to obtain a ^reaU'r specilic ]i(iw4*r. 1’iie 
letter 14, followed by an index, devicf- | 
nates a mixture of the two last liipn.lb i 
containiug 1 per cent, m volume of j 
sulphuric solution shown by the imie'c. j 
Thus, for examj)le the lii|iiid 14 SO , 
contains 80 volumes id’ liquid 14S and iM) 
of licjuiil I4CL The fh^ure Si) bears the 
name of detjree of attenuation, 'fhc! 
liquid used in the battery con')ists of 
equal volumes of the liquid A and a 
mixture of the two others. 

Whatever be the degree of attenua¬ 
tion, the electric energy ttbtained per 
litre of liqui'l i.^ sensibly the same. It 
varies between 50 and Oo '.vatds-hour 
per litre. The duration of the dis¬ 
charge is more or le^s prolongeil, ac¬ 
cording to the degree of attenuation. 
This attenuatimi mav be obtained with 
otlier products, sulphate of soda, for 
example; but the specific energy i.sthus 
reduced. On arresting the discharge at 
the moment in which the intensity of 
the current falls to one-half of the 
maximum is obtained from to 

joules piT litre of liquid, and 
144,000 to 158,000jiiules per kilo. On 
endeavouring to increa''e the total 
electric energy, llenard has devised a 
liquid that gives as many as 25^,000 
joules per litre, Avliich would reduce 
the necessary volume of liquid to 14'5 
litres ]^r kilowatt-hour. 13ut as this 
liijuid contains lOO grm. CrO, and 200 
C.C. per litre, it lias the drawback of 
being very dear and slightly viscidj and 


of making the zincs .sticky. Practically, 
the best liqunl is that wliich contains 
2<n) c.c. IKT and 00 c.t. (VOg, 

Tlie liattery gcneiMily li.is the term 
of a cvliuder of a length U) limes its 
diameter. Thi-^ form ha', the ad\au- 
tage of facilitating the cooling <4‘ the 
liquid, of diminishing the internal re- 
siitaiice, and of rondcung the upsetting 
of the liquid more ditlicult. In the 
ligiit batteries the reservoirs are of 
ebonite; in the stationarv ones lliey are 
of glass or jiorcelam. 

Ju the pneumatic battery, designed 
for lighting (Fig. 95), tlic elementary 
vessel.s A arc seciieil tf» the cover of a 
large, tight vessel If, an<l tlie lower 
part contains an orifice O (ff small 
diameter. U]>oa forcing air into the 
large vessel or C(»ncctor b)7 means of a 
rubber bulb tl, or of a pump, the liquid is 
made to rise in all the elements at oiu’c. 
A rock permits ot‘ regulating the im¬ 
mersion of the elements, ami ctuise- 
queiitly, tlie iiitermil re.si-.tance of tin? 
current. This arraugeineut is adapted 
to atteiiuateii liquids only; with the 
normal liquid, tlic cooling would imt 
proceed tjuickly enough. The ves. .d L 
and the bulb (/.serve to fill ami empty 
the battery. The [lositive electrode af 
the light batteries (Fig. 94) is tonnctl of 
a tube of platinised silver 1mm. thick. 
The weight of the platinum on the two 
surfacc.s is about A* fbat of the silver, 
and Its thickness i.s about Tlie 

use of ]>latiui.sed silver greatly reduces 
the weight, the volume, ami the iu- 
tenial resistance of the elements. On 
account of the high price of these elec¬ 
trodes, carbon i.s substituted for them 
in the batteries in which attenuated 
liquids are cniployod and in which 
lightness does not play an essential role. 
In order to facilitate the free circula¬ 
tion of ilie liquid, and to exhaust all 
the supply contained in the cylindrical 
%'e.ssel, tlie tube is sjdit throughout its 
entire length to a width of a few mni. 

The negative electrode consists of ft 
cylinder of zinc or non-atnalgamated 
zinc wire, whose diameter is about 
loon that of the vessel,^ad is calcu¬ 
lated to serve but once. This is g^uided 
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and held in the centre of the platinised 
silver tube by several discs nf obouite. 
Experience has deiinmstrated that in 
chlorochminic liquids, in’diaary zinc js 
not so reitfiily attacked as ainai^^ani- 
ated zinc, as soon as the jiropcrtimi of 


battery ])y no means jjre.sents the char- 
iictcrs of a perfect (»nc. 'i'be variations 
ill tlie temperature of the liquid, its 
alteration, and the diniinution in dia¬ 
meter of the ziin during the dihcluirgc 
mt as to iiu‘(lifv the coustuuls of the 

V 



A, elementary vcbacI ; B, carbon ; C, aiuc; fastening of the zinc; V, binding screw; h, cock; 
U, level of the liquid in the large vessel; JL' level of the liquid in tbo eli'incnts. 


chromic acid exceeds 180 £;rm. ])er c.c, 1 
of solution A. The nnialtrunmtion is 
costly, and render.'^he zinc brittle, and 
its suppression permits of the use of 
load in the pneumatic batteries. This > 
could not be done with amalgamated | 
zinc, for the drops of mercury, flowing j 
accidentally over the ,lcad, would soon \ 
perforate the ^iveloj 
Th^ discharge of a chlorochromic i 


elements at evorv iustant. On another 
hand, the liquid of the battery exerts 
an important l(»cal chemical action 
entirely independent of the electric 
action, and in such proportions that it 
is necessary to always remove t^e zincs 
from the liquid when the battery is not 
in service. 

If it is desired to exhaust the battery 
in a very short time, the local action. 



164 


ELECTRICS. 


which is proportional to the time, will 
have a very sliifht iTilhiorice, hut the 
electrical remleriufj will he fei'hle, as 
the diflercuce of j^otcntial at tijo termi¬ 
nals is h)\v w’hen the battery is <;ivmff a 
large discharge upon u circuit witli 


potential is 1’20 to 1*25 v<dt per ele- 
menr, whatever l>n the temperature and 
the degree of attenuation of the liquids. 
This normal potential corresponds to 
a normal current which char'.Vterisos the 
element. This normal current is itself 



, Light cUlorochromic battery. 

A, collection of 12 elements, weiRhltig 10 kilograxnmeK and ha\ing a pf>wer of 220 watts; 
Ji, mounting ui the battery; C, platinlHinl pluto of silver rolled into a tube; D, zinc. 


hardly any resistance. Jf, on the con- , a function of the temperature. Thus, 
trary, the discharge is small, the elec- ] for a variation of 20® C., the intensity 
trie rendering will be excellent, but the I passes from 1 to 1 for the non-attenu- 
local action will then become prepon- . ated liquid, and from 1 to 1*4 for the 
derant, and will diminish the total | liquid attoiniated to 80 ]>cr cent. So it 
rendering. It will be understood that ' is expedient to modify the degree of 
bctwe^ji these two extremes there is a ' attenuation of a liquid with the tem- 
certain discharge which corresponds to \ |>eraturo of the season. A liquid at- 
the Tn.'ixiiniim rendering. Experience * tenuated to 80 per cent., which is cxcel- 
has demonstrated that such rendering lent during tiic aumiifrir^ should he 
is maximum when the diflcronce of i replaced by a 50 per cent, liqvid for 
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wintor, wlu’U the* battery to bo ummI 
for ^ilectric lightiuj;. 

In tho di&fhargo of a battery of 21- 

(jlciiKUits m tell^ion, rontainini; in all 

Vr‘^ litres of liquivi attenuated to per 

cent, and diNcluirjLceil upon tluee Swan 

l.nn|>s of 27 volts, and of 1‘25 to l-:>o 

ampere, mounted in derivation, tii(‘ 

jKtwor^ afti i a very marked suieojie, at 

lirsl inereaso" reLCukirU for an hour ami 

a half, aiul afteru ards slowly dern*ascs. 

At the cud of 2\ hours the eleelrie 

*» 

j)ower disjmsable is in'^utlieieni losup|dy 
tlic three lamps. It ^afterwards falls 
very rapidly. 

Taking, tbr a basis, the duration of I 
2\ liours, the ti»tal eleetrie eueri^y pr*)- 
duecd rej>re.seiits 5*17 watts-Iumr—say, 
lib watts-Iiour per litre. We can de¬ 
pend in ])raeti(*e uj)on 5U W'att^-hours per 
litre—Ni}, litres por kilowatt-hour. 

Upon l■ol>^tnletin^; the dillerent parts 
of battery witli care, it is possible 
• to protKioe apparatus that wen^h but 
8l) lb.* per eketne Imrse hour—sav 
88 11). p**r kib'watt-hour, zincs inehuled. 
By forcime proportion of < hr<»iuie i 
aeiiji it has even been possilde to 
obtain <tnc horse hour for 55 lb.*—say 
one kilowatt-hour for 70 lb. With this 
rieJi liquid, a grouj) of 12 elements, 

mounted bv twos in tou.sion anti bv 
« ^ 

sixes in derivation, weighed 22 Ih. along 
with the frame. Katdi of these groups 
was enjiable of di.si Jiarging 22 kilo- 
grammetres (220 watts) per sieoml at 
the end of ‘\i) minutes' operation—say 
22 watts per kilogrammetre. Taking 
into account the performance of the 
motor, it 'Squires four such groups, 
weighing 88 lb, altogether, to ]uoduce 
an etrcctive power of one horse (7^16 
W'atts) dii^pnsablc upon the shaft. By 
reducing the dimensions of the elements, 
Konard has sueceeded in constructing a 
battery of 86 cknients, 20 mm. dia¬ 
meter, w'cighing 11 ]b., and yielding as 
much as 1 *r> hor.se for 20-25 minutes, 
say 22 lb pel* electric horse, and 55- 
06 lb. per horse hour. 

These tigurcs establish the fact that 
chroiiiochl(tt‘^‘ batteries are the highest 
generators, of electric energy now 
Itno^u, Despite the high price of the 


products used in them, they are capable 
of fiudiug an a])jilication in all ciises 
wliere lightnes.s constitutes the main 
desideratum. 

/''v/V.—Ill seeking for a form of cell 
hy which the e\j>ense and intern.il re¬ 
sistance of porous jiots could be avoided, 

1 arrived at a stoneware jar containing 
till* usual bjchrornate soluti<jn ]>lus sul¬ 
phuric acid, a piece of thin platinum 
wire cbdhed with pure black rubber, 
ami a J-in. tube cemented to tbe w’ire 
at 1 in. from tiic buttoin. The square 
inch (»f w'ire wa.s then made into a flat 
.spiral capable of picking up a small 
quantity of mercury (Fig. P5), the 
rubber tube being siinph for insulation, 
.so that the platinum should m^it alfcct 
the result. On jilunging this into the 
jar of solution, a good current w.ts 
produced for a short time; when with¬ 
drawn for esaininatum, it was found 
that part of the mercury ^till adhered 
to the platinum wire, although action 
had ceased; u fresh dij» of mercury 
rostorcil the ellect. On investigation I 
found that the inercurv had bwn u.^ed 
wdth zinc, and was in fact an a)nal(jam. 
The absence of zinc meant absence of 
ellect. On this result a simple and 
ellective cell was formed (Fig. yd). A 
small jar (2 oz. Jdebig\s extract of meat 
jar) w'as divided oil' by a (iflass 
cemented in with bicycle tire cement 
(more expensive than Ohat ter ton’s, but 
iiiiich stmngor lor grouwlcss parti- 
li<tns, jointing parchment paper cells 
for Leclanches, rubber, gutta-porcha, 
sliellae, ami bitumeip reaching ncarlj/ 
to the bidtom of jar; meronry is then 
IKUireti in (dotted in Fig. yO) to form a 
“sealed joint ” to sejiarate the lltiids ; 
carbon on the one si<le of tlic partition 
(but sH$}K'ndrd so as not to touch the 
surface of the mercury) in bichromate 
potash sulphuric aetd solution, and on 
the other side zinc .‘standing in the 
merenrv in pfam mdrr to assist in 
counterbalancing the bichromate fluid 
on the other side, so as to rei^Hiro less 
mercury to make a .*iafn joint. Of 
cour .''0 the jar is represented wdder 
Hum is really the case, so ns to prevent 
confusion in the sketch. 1 was led 
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to this form hy many circuiustanccb, battery jar. Mercury is then poured 
among others liy the jtcculiar way in in to form a “ water joint,” a paraffin 
which a zinc in bichromate battery lamp chimney witli a “crinkled ” top 



Si'lby'b battery. 


was “ underminod ” wlien* it was oiit- 
W’ardly protected by a cenj<‘nt whifh 
resisted the action of tlie dilute acid 
solution ill the jiorous pot. 

For cheapness and liandiness, glass 
tumblers or drinking glassies with what 
are known as well fn/ttoms (Fig. 07) 
would make uj) very handy celbs lor 
experimental purposes. i 

Further experiments led to a “thistle 
tube ” <if glass arraiigeincut, liie tube 
(Fig. 98) being bent in a gas flame as | 
show'll, mercury placed therein, and | 
copper wire being passed down the | 
stem into the inerrury. This is simply 
placed in a jar of solution containing 
the carbon, but the mercury inu.st 
receive occasional replenishments of 
small ]>ieces of sheet zinc, which readily 
dissolve in it. The thistle tube is con¬ 
venient for lifting in and out, and it 
can be lashed to a spring clothes peg 
clipped on the top of the jar, 

Rut for permanent use a small 
shallow pot of earthenw'are (such as 
Needhat{i*H metal jwlish is sold in—Fig. 
99) has a round zinc rod cemented in 
firmly, so as to form a means of lifting 
in a complete state out of the outer 


COPPER WIRE 


MERCURVZINC 

AMALGAM 



Stdby’s batterjr. 


(Fig. 99) is then inverted and passed 
down the zinc tckI into the mercury, 
and filled with pure wate%- to counter* 
I balance the pressure of the diirrowiflifV 
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fluid (bichr. potass + ac. sulph., usual 
solution), iu which stands the carbon. 

This water remains purely free from 
any acidity for months, and by careful 
tests I iitW that the addition of sul¬ 
phuric acid siinjily weakens the battery 



Sulby'g batU»ry. 


by settin^j up a “counter" current. 
In the “ porous pot form" the acid 
seems quite * necessary to lower ibe 
resistance of the fluid, but here it is 
ditferent. Q( course a preferable fi>nn 
to avoid risk ol cement pviuji way 
W'ould be to make tlie ^lass and the 
dish in one (in ^lass), with juerciu^s to 
ensure the continuity of tlu- body of 
mercury in contact wdth the zint'^and 
tlie bichrom. ac, fl^id. 

The thistle tube nrranj^ement 1 do 
not like, owinj; to having t<t supply the 
zinc, and the surface of mercury is too 
small, but the other arrangements 1 
have tested for six months successfully. 
(^Eiec. JSevieiD). 

&/cn»um.-^^ritts and Ilopkinson 
hnTn^devised a new process for manu¬ 


facturing very sensitive selenium ele¬ 
ments in w'hith the entire mass is 
iutJucuccd by light. 'J'his result is 
obtained by a ]tro]iaration of the 
selenium itself, and the construction of 
elements \vlio>e sides are made of a 
material that conducts both electricity 
and light well. Several thin s-heot^ of 
reheated selenium are enclosed betw'eeii 
these sikles^ and it results therefrom 
that the cunent traverse.s the selenium 
ill the direction of the light that strikes 
it ; and it ajijuiars that, owing to this 
arrangement, the changes in resistance 
caused by the light (or, in other words, 
the priijierty that selenium jxissesses of 
regulating light) become much de¬ 
veloped. 

The selenium is selected in as pure a 
state as possible, and is formed into 
sheets tliat are placed betw’een blocks 
of a uiulerial to which it does not 
adhere. The selenium is softened by 
heat, so as to render it as thin as is 
judged necessary, and the sheets are 
afterward cooled under jiressuro. Two 
thin sheets of mica are introduced be¬ 
tween the selenium and the blocks, so 
as to facilitate the sejiaration of the 
sheets of selenium and the bhu k.s form¬ 
ing the nniiild. When it is desired to 
have slieets very sensitive to the light, 
it is necessary to make them so thin 
that they njipear, behire reheating, of a 
blood-rcd colour when they are looked 
at against the light. 

Fig. 100 shows the press employed 
for softening the .Mdeuium jdates by this 
process. It consists of a heating box «, 
with a door a', and H strong shelf \ 
provided with a groove in which slides 
the jdece A screw o serves to exert 
pressure, and c' rejiresents a suj>jMU’t 
which pas.ses along the shies of the box 
and over the shelf h, A gas flame d 
furnishes the heat, and a thermometer 
d' sliow^s tins temperature. The appar¬ 
atus is completed by a certain quantity 
of scrap irtm, wdiich equalises the tein- 
jiorature tinder the pressure piates 6*, 
These latter are placed upon a 
movable piece and their position is 
so regulated a.K to make their centres 
coincide with the axis of the screw c. 
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which then exerts an e<]ual pressure, wires arc stretched between the mc- 
Ity this process the soU nium is tallic supports//'. Moreover, movable 
softened and converted into sheets of shutters are sometimes placed upon 
the desired thickness. In order to make the ^lass sides of the clonient, so that 
tdeinents of th(‘sc sheets, one of them is the liijht that strikes th*kn may bo 
iixed (Fig, 101) in the centre of a rubber regulated. 

100 . 101 . 



Seletdum element. > !> uiutii i lomeut. 


frame c, prrivido<l'on each side uifh 
metallic supports//', nnd the sheet is 
insulated from the hitter by Imnd-. of n 
proper materiah tbi e.ich si*le is a 
glass cover g fixeil to the rubber 
frame c by cement. The supj>nrts / an* 
connects with the wires /^ /^ and 
communicate thereby uith the ]»ile or 
the circuit (»f tlnt-electnc current. The 
two sides of the sheet ofs**leniuMi dip 
into a transpaient conducting liquid, 
which is poured into the elements hy 
means of tubes c c\ that likewise 
serve for the e.xit of the gases formed 
through tlie dectrolysis oi‘ the liquid. 
The light traverses the liquid and falls 
upon the selenium plate oi the element, 
and the current reaehes the j»iate lpy 
the route. Sometimes wires 

placed at equal distances are made to 
]iass through the liquid, in order to 
secure an equal distribution of the 
current in the liquid electrode. These 


Instead (tf a liquitl conducti'r, sheet 
platinum, gold, or silver is sometimes 
usimI as the electrode cd' the sideiiiuTii, 
but thi'i Tuiist be thin enough to allow 
the light to pass through it. (joldlcaf 
aiisweirt very well, and, when used, is 
first wetted with alco*h<d, and the 
selenium is then ]jlaced over it, and 
aftcnv.'inl reverse.1 so that ^he gold shall 
be oil tojt. 'J'Ih' goldieaf is tlien sjitead 
smoothly by bhtwing over its surface, 
i After tilt; goI/1 has been (t>nnpcted with 
tlie circuit, it is covered with gla.ss ora 
Iransjiarent varnish, in order to fix it in 
place and jirotect it against accident. 

Fig. loii reprcseuls a dry element of 
' this Kind that h.ns given very 
results, sc rejiresents, the selenium 
between a metallic plate A and a piece 
of goldieaf I, to which a wire J ol the 
i circuit is atfacluM], Tlic current in 
this ca.so juissos from thw entire surface 
of the goldieaf to the lower Jilajc, and 
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traverses all parts of the sheet of shoulder should he formed to hold ii iu 
Kideninm. This latter is entirely plaee and prevent lateral motiiuu Any 
exposed to the action of the light that number of holes, according to the size, 

are bored tlirongh it, one set for 
the reception of the carbons and 
tlic others for (he zincs. Care 



Stdenium. element. 


shoubi fa* taken to Itore tlie.sc lodes 
truly vertical to the ])bine of the 
Cf>ver, and tlie hit iisecl sluuild make 
a hole of exactly the right size to 
iit tin* carbon and zincs respec¬ 
tively. Tlie lit must ];e a very 
1i"ht oiu*, SO that the rods have to 
be driven into their pbues with 
a mallet hammer. 


traverses the goldloaf. (/ai Lnunrrr 
Jllcvtriquc,) 

Skrimnof, —This is simply acbloride 
of silver Cell, with caustic j)otasli insti'U'l 
of ehloridf- of zinc. Tw'(f t>f the cells, 
contained in ebuiiitc cases luukled tt* 
the bjjlt of the }»erfbnner, keep a star 
lijxht going, and the light is readily con¬ 
trolled Jiiy the wearer. Km h cell 
consists (if a zii.c plate bent into the 
fonu of a y, and hobiing in its inside a 
plat'! of silver coated with chloride of 
silvef. The zinc jdate birnirt tuie jadi* 
of the cell and the silver the other. A 
Solution of caustic pidash—7b ]iarts 
potash to 100 water—i.s poured in, and 
as a porous diaphragm, the chbnideof 
silver is coverctl witii pai'chim’iit jinper. 
Tb»? vessel is of ebonite, with closed 
mouth, wdiich, howeA’cr, is op(>ned when 
fresh lii|uid has to be ]iut into the coll, 
I'his is neressflry after everv hour’s run, 
and the cliloride (»f silver has to he re¬ 
placed afte^'l-t hours* use. The cell 
is thus expensive; out this is of minor 
importance in theatrical W'(»rk as coin- 
]wed with its small size and weight— 
cz. 

-This battery. Fig. lOM, is a 
■'’ory etTiciont ami s^nipl ‘ form for open 
or closed circuit work. It repre^^'Cnts a 
favourite and recent type for such cells, 
ftnd can bo put together with the 
T'dniimini number of tools and npjdi- 
ances. The cover is made f»f w ofnl. If 
a circular vessel is* use<!, the cover 
sliould he cut fh n circle e(|unl in ^lia- 
mete^to the outside of tlio jar, and a 


I'l-r the po-itivc oleinents, zinc 
rods, NiK'h a-H st»bl fiu* the Ledainlu' bat- 
t*'i},are ii>cd. SiK'h rods can belxuight 
b- 8 ft. long and rd' uniform diameter. 
rie< es are cut of the ]*Toj)er length, a 
cold ohi.scl, ha< k "r tile being u>cfi. 
A vei\ ea^v wav of dividing the rt>d is 
with meri urv. A tine groove is tiled 
around it. A gbdnile of mercury is 
plaeed in a saucer witii a little dilute 
.siiljdiurie aciii. A thin slip of zine, or a 
.‘•trip of galvaniseil irtui, is dijuted in the 
nuTcurv. Some atiheres to it. This is 
then drawn around llie cut, so as to till 
it \Mth mercury and amalgam. Then 
the rotl is hndvMi oil*, either in the haml 
or in a vice. It In'Ciimes almost ns 
brittle as a jnj'e stem. 'Jliis process is 
bnrdly t<» be rei-ommended for theiipi»er 
ends of the zincs. These have to he 
.Soldered, and the mercury mterferes 
witii the (»]»eratiou .some extent. 

For negative elements, electric light, 
carbons arc used. The cop]ter is dis¬ 
solved otV by nitric nci^, they are w'ashed, 
<lrit*d, cut t*' the projier length by a saw 
or c'dd ihistd, and their uj> 2 »er ends arc 
soaked iu hot jiaraflin. 

Hoth elements are now driven into 
their resjiective jdaces. With each car¬ 
bon a .slip of cojipcr Jin. wide Ls also 
introduced, and lies alongside, jtressed 
liard ag.'iiust it and projocting about ns 
much below' the cover. As shown, a 
wire is carried around the outy circle 
of the carbons, and if wddered to the 
cojiper strijis. If a central carbon has 
been used, a special connection is 
soldered to it and to the main wire. 
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The end of the wire is carried np 
fhroui;h a hole in the cover. A second 
wil’C is soldered to the zincs, this piece 
lying on the np]>er >urrace of the cover. 
Concentrated hvdroLhh'ric a-’id is the 
best flux for the zincs. If de.-'ired, the 


sulphuric acid. After a few minutes* 
iinitiersion, the zinc will he ready to 
amalgamate, ami the rods will shine 
like silver after a few minutes’ rubbing 
with the galvanihcd iron n;M mercury. 

Tlie soldering may of course be dis- 



Singlc fluid Imttery. 


projecting end <•/ the zinc connection 
may be secured to the WJiod liv a staple. 
This is not necessary if the soldering is 
solid. 

To amalgamate the zincs, a strip of ‘ 
galvanised iron is far the best instru¬ 
ment. The end of such a piece, which 
may be 2 in. by ^ in., is bent into a 
hook, so as to fit the zinc roils. This 
is dipped into the globule of mercury 
as it lies under a little dilute acid, and 
is rubbed up and down tiie ro<ls. If 
the mercury does not take hold at once, 
the zincs and carbons may be d5|»pe<l 
nearly to the level of the cover in dilute 


pensed with. Instead of stt^ps of copper, 
the ends of some ]deces ot wire may be 
flattened and driven into the holes 
along with the carbons and zincs. By 
twisting tttgether the ends of these, 
zinc connectiiuis and copper connections 
separately, the battery w'ill w'ork ]>er- 
fcctJyifcare is taktn to a%mid short- 
circuiting. When it is made izi a 
hurry, for temporary . use only, the 
paraflining of the carbons may be dis¬ 
pensed with, and the copper may be left 
iijjou their upper jimds. The w^iresmav 
be soldered directly to itliis, although 
such connection is rather weak. 
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For bichromato solution, 2 J oz. bichro- 
matttof iK>tnsh in fine powder are shaken 
up in 10 water. To this 2^ fl, <»x. 
sulphuric acid are added slowly with 
constant stifting. Great care should he , 
taken in jmlvensing tho hiehromate of i 
potash, as it causes ulcers if iuhated, | 
For open circuit work, a solution of sal [ 
amniouiac iiiiy he used. The ends of j 
hurned-out carbons, such as are thv*)\vu ' 
away by the lamp attendants, ansuer I 
perfectly for the sninller sizes of tliis 
iiattery. 

M’aicr.—Strips of zinc and copper, 
each 2 iu. wide, are soldered t^k^ether \ 
alon^ their eilges so as to make a ('oin- 
binetl strip of a little less than 4 iu. w ide, 
allowing for the overlaj^ping. Jt is 
then cut hy shears into pieces about ! 

in. wide, each coin]'osed of half /.inr 
and half copper. A }»late of glass, very | 
thick and I ft. or less sijiian*, is heattsl 
an<l canted witli shellac about * in. 
^hick. Tlhe strips of c-oj^per and zinc | 
are bent<into the shape of the lettt*r U, | 
with the branches about J in. apart, and | 
are heated an<l stuck to the .sliella<' in ' 
rowsj^he soldered portion being li\ed 
in the shellac, and the two branches 
standing up in the air, so that the zinc 
of one piece comes within in. of the 
copper of the next one. A rt»\v of 10 iu. 
long will thus contain about 30 eleniont.s. 
The rows can be about in. apart, and 
therefore in a space 10 in. square nearly 
800 elements can be placed. The plate 
is then warmed carefully so as nut to 
crackj and a mixture of beeswax and 
rosin, which melts more easily than 
shellac, is thtta poured on the jilatc to 
a depth of ^ in., to hold the elements in 
place. A frame of w^ood is madi) around 
the back of the plate with a ring 
screwed to the centre, so that the whole 
can be hung up with the zinc and copper 
elements below. When required for 
use, lowrcr so as to dip the lips of the 
elements into a pan of w^ater, and hang 
up again. The •space between the ele¬ 
ments being in. will hold a drop of 
water which will not evaporate for 
possibly an houn Thus the battery is 
in operation jn a minute, anil is per¬ 
fectly ainsulatcd by the glass ant) 


ceiio’nt. This is the form I have used ; 

but tlie.strij»s might better be .-oldered 

face tu face along one edge, cut op, and 

then ojieue<l. (Prof. Uowdand,) 

Wfjimorsi'h .—The staudaril size con- 

si.sts of a rectangular trough of ebonite 

or \v<iod, in, hy 11 in. by I'l^ in., 

divifletl into 0 cells by means t)f ebonite 

]iartitinu.s. In t-aeh coll is firmly tixcil 

a jiovnus pt>t having a capacitj" of .about 

1 (jt., and btted with a short ebonite 

})ij>c; all these are s»‘curetl to an 

ehmiite pipe runiung the full length of 

the iMtterv, ami litted with an ebonite 

t:i]» and a gauge-gla.ss or le\id. It will 

be MM«u that by ibis inean.s all the 

porous pots arc (iuinectfd tt»geih(*r, and 

can be quickly and easily emptied, w hen 

the solution is exhausted, hv irierclv 

•• 

opening the tap. Iti a like manner all 
the outside eells are eonneetcil together 
and iitted with a tajt. The general 
arrranuemeut has lieeti ni;^Ie wdth a 
A iew to reilucing tlie tune required for 
cliargintx »ir emjdYing to a mmimiim, 
and permits of the baltoiy being 
charged or ein))tied in a few iniuutes 
without the U'>ual disagreeable l.iliour 
attending tho.se operations, 

'I’wai stonow.are barrels, each h.aving 
a capaeity of (5 gal., arc plaeed ou a 
shell above the battery level and fitted 
with shmeware taps, to w’lihdi are 
attached lengtliN of ruhher tubing. 
One *>f the liuvreK is lilled with the 
exciting liquid, 1 of sulphuric acid to 
18 of water, the other with tlic new 
depolariser. When it is required to 
charge the battery, tbo#tubes are fixed 
' on to the ebonite battery taps, and the 
Kidutiona nllow'cd to How until they 
rise t(» the marked point mi the levels; 
the battery is then ready for immediate 
work. Wiicii tlie solutions are spent, 
the battery taj>s are ojieiied and the 
solutions allowed to tlow' away. 

The elements are zinc and carbon; 
eaeh eell contains two sheets of zinc 
]daced in the out.si<le cell, one on each 
side of the porous pot. Tlie Arbon 
plate is placed inshle the porous p<it 
with the depolariser. The carbon heads 
are well coppered and securely fixed in 
tinned brat>8 clamps, into which^solder 
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is run, thereliy m:iking Ji pcrfoct iiiul 
lasting contact, and doing away with i 
the consfaut trouble usually given by 
carbon contacts. The zincs are specially 
amalgamated, and if the current is n<#t 
allowed to exceed tlic inaxiiniim for 
which the battery is designed, they do 
not require reamalgainnting. 

The charge of depolarising liquid for 
the 6-cell battery of the dimensions 
given is 11 j)ints; the voltage iu open 
circuit Id volts, and the working 
current for the best results lo am]K'^res; 
this current is maintained for 7 hours 
per charge. I>unng tliis time the 
current is very nearly constant, rising 
for the first li-d hours, then remaining 
constant for about ?* lioiirs, and finally 
drop])iiig slowly to the starting-point; , 
these variations are very small. The 
total energy given out per charge is 
about 1300 watt liours, of whitdi 750- 


Two of the above batteries will run 
ten 8 c.p. incaiuiest ent lamps, or six¬ 
teen 5 c.p. lamps for 7 hours, and if, as 
indicated above, the number of lamps is 
reduced, a further run of hours can 
be obtained. It is sjiecially suited for 
small installations, motive power for 
b<tats, lathes, dental machinery) &<*• 
Bells. To rinff v7ii7c door is bang 
ojM'nvd. — (a) Fig. 104. A is a spring of 
hard brass about in. thick and 1 in. 
Avi le, fi\e«l <iu to archiiraA'e moulding 
of (loctr frame; li is a similar spring 
fixed on to door; the connections are 
sliown, (’ being sliort lielix Avliere the 
door hinges, to prevent the wire break¬ 
ing; !>, bell; K, battery; F, switch to 
<*ut oil when not wanted. 

{h) Fig. 1()5. A i.s a ]>ioce of wood or 
metal screwed on to door. D is made of 
I wooden bar let into the door frame 
: at titp light-hand c(H'iier, supports a 



Bell to ring by opcnitig door. 


800 watt hours arc expended in the 
external circuit, or say, 230 xvatt hours 
per quart of solution. If, after the 7 
hours' work, the current is reduced, by 
redu^Jng the number of lamps in cir¬ 
cuit to about 10 ampbres, a further run 
of 3*4 hours can be obtained, giving a 
total energy per quart of depolariser of 
300 w’att hours. 


wooden rod E wh'ch carries the brass 
screw C, B is a piece of watch or 
small clock spring bent, and then 
hardened at a right'angle; a hole 
drilled (or punched) wdiile soft, and the 
spring, well brightened, is screwed on 
to the block ns shown.^ .When the door 
is opened, A preH.scs the spring B against 
Uie screw 0, and when retnrnifcg to ita 
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A presses R away hum C, TIiun 
tlj(‘ Ih' 11 will tally rinc; wlii-n iloov is 
ln'ini; tijit'iK'ii. Th«' Mnek may Ik* <i iu, 
Iniio, ami A mil) be iiuub'of ^t^*l!Ks]^rillg, 
W'liich give^onj^er contact. 

Carbons.—Max Nitsohe-Nicsky rc- 
commemls the following: (lootl tttke 
is groniul and mixed w'ilh coal-tar V* a 
still' dnugli, au*l prc^^od into moulds 
madj of iron and biass. Alter tlrying 
for a few' d.ivs in a tlostMl idace, it is 
boated in a furnace wiuro it is pro- 
te('te4l from tile din'd il.imes, and 
burned, feeldy at bist. then strongly, 
the fire b(*ing giadually raised to wliite 
l»eat w'hieh is matiii.iinetl for b-S loans, i 
The fire is tlien peniiitteil to slowly gci 
down; W'iien jH'Vl’octiy cold, the caiboii i 
IS taken out of the furnace. 

J^rfhid,) 

Tlie best way is to Imv them ready 
cut from retort ?nirf; but the ftdlow- 
ing njijy be useful :—The ^i<:e of the 
carbon is the hot tJung to (letennine, 
I’lrst sa^sfv ourself as to the si/e vi-ii 
wish to m.ikt* it, and when matle let it 
remain so, Tak(, fiu- instance, a cailam 
for iiji* in an ordinary r> by 7 Fuller or ; 
Ihinsen battery. Make it, say, 11 by 
^.1 in. l*r*'cijre two ]^ieel'^ of sln*et 
iron ot brass, preferably bra^s, Imt the 
toriiipr will answer, b l)y 10 in., not 
less than J in. thick and perfectly tlat. 
ihen make, or have made, from a rod [ 
of metal in. Mjuare and about 112 in. 
long, a rectangular frame of three sides, 
whose internal diineiiKions will be 2 bv 
I'V J in. or tbereaboiits. These thrive 
])icces constitute the numbl, and in order 
to coinplefe it only remains to plac‘e 
the U-sliaped traine between the two 
plates, fastening the wdude fivmlv to¬ 
gether by means of screw clamps, and 
you will have an obbmg box, open at 
one end. See that tlu' parts tit as 
closely as possible, ^ Next jnilverise in 
an iron mortar a quantity of g.is-ietort 
carbon or coinniou coke, taking care to 
bave a little itfore than is suflicient to 
fill the mould. Tim finer the <*okc 
powder t]ie better. Place it in a glass 
or carthenwfu'o dish, dud pour upon it 
It small quiintily of syrup or dissolved 
sugar# Mix and knead the moss tho- 


rouglily with the fingers, adding by 
degrees ii little, of the syru]> until it 
I be/omes suifudently moist ti> bind w'ell 
when pressed togolber. Sot the nmuld 
on end, dro]> in eiioimh of the mixture 
to fill it about and slump it down 
lightly with a ] in. rod. Continue the 
the oj»eration iiiitil the mould is full, 

1 then get a j'ieee of w»»od metal nearly 
large enougli to fit the mould for use as 
i ,i rammer. Phue one end in the ojien- 
nu:, and stnk«* it smartly with a mullet. 
Tin* mass will be driyen <iown about 2 
in. and tii^litly coiii|U’esscd. With a 
little water mix ii]i some plaster of paris 
to the eonsistency td' dimglj, and press 
It int4» the o)H‘iuug, having juTviously 
remi‘\ed the lanmuT, Force it down, 
and c(uitinue adding the jdastertill the 
end IS tlionnigiily closed. The (‘ontents 
of the nit)ul‘i aie now* ready fi»r tlie 
“ carb/mising]«r»)eess. Make a good 
coal fire, jd.ice iln* mouM iij'on it and 
e\[Kise t<» a red heat for an hour (*r 
inoie. Allow it to remain until tlie 
lire has cone <»nt. When coM enough 
to admit of being bandied by the 
fingers, remove it, ami if the experi¬ 
ment has been projierly eondiuded, you 
will fiiii] the /‘aibon conqdete. It is 
trni‘ that a eaibon made in this wav is 
m*l so d(Mise as the connnereinl article; 
hnt for ordin.iry buttery pur]>oM*s it 
will be ftitnid equal to any, and all lliat 
can ]K»''sibU be ih'sired. (///c/. 

.lacijit/dain des* nbes three mol hods of 
]mril\ing carbon. 1. ’J'reatinent with 
dry fiilorine at a high temja'ratnre. In 
this way sili/'U, alumina, magnesia, 
alkalies, and metallic oxides are re¬ 
moved !{< v/)latile clihuiiles and the 
combin<‘ii livilrogeu fiauns Indrotdiloric 
acid. The carbon sliould ]>e cut into 
sticks befori' submitting to (In'* jtroccss. 
The vacuities left in the carbon after 
Iveatmcnt with chlorine may be tilled 
up, and tlie mass mafic compact, by 
healing in a closed vessel xvitli some 
hiilriKMrlMm such as lieavy coal oil. In 
the cfUirse of a few hours a sulHcient 
deposit of carlam will have tak/*n place, 
2. The carbon mav be treated in an 
iron vessel with fused caustic soda. In 
this way aluminates and bilicates are 

Bl H 
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formed, and mav be removed bv wash- ! 

• • *1 

in<;. Dilute hydrochloric acid is next. 
aj»j>lipd to dissidvp oxide of iron aivl 
carthv bases, and the rarbi»n is linallv 
wasiied with distilled water. .'5. liv 
immersion ti»r ‘24- hours in livdiNdlmade 
achl diluted with twice its veii^ditof 
water, carbon may be elhciently |turi- 
fied. The danger rus'ompanviui^ tlie 
use of hydrotluorn* acid is an objection 
to this ineth(Ml. Tho^e three processes 
are ajjphcable f<' sras-rctort carbon or 
to liUsMan jrrajihite. Tin* author has 
also jirepared pure irrajiliitoidal carbon 
(null hi*avv hydis*'arbour. Jt is <»f 
excellent <juality, but be un:i)»b' to * 
state its relative cost, Ib* inu"s tiiat 
natural (^rapliitc IVom Siberia lmvos 
twice asbriL'ht a wIumi purilied as 
when use<i in its natural slate. 

Commutators.—(o) I'l^- Did re- 
preseuth a small, pr.'u ticai a}»p:iratu^ by 


or«linary electric bell. The mtHdianisni 
comprises an S-toothf*d ratchet wheel 
carrvini; 4 jtins. The button itself 
carries a pin that extends to the teeth 
!»f the ratcliet wheel. Kve4\' time the 
hutttm is ]U*essed, the ratchet wheel 
advances one tooth, from left to riijht, 
and makes J revolution. Under the 
button i-N a .spiral spriin^ that has the 
elfe( t of pushiii '4 it out as s(»ou as the 
pn'ssiin* is reinoveil—the ratchet wdiecl 
keepinj:the poMtiou that it hasobtained. 
The 4 ](ins, tlu'<uich the revolution of 
thf* ratchet, wheel, ]tre^s in succession 
Mt^iiiist a liorizontal .strip of lirass, form- 
in a spriu '4 that alternately opens and 
(b-'.es the circuit, aec*>rchnff as one of 
the pins is or is not opposite the slightly 
curved part of the strip. Fi^. 10(> re- 
]»rcNcnt.s tin* button in the open circuit 
]M»Mtion. 'J'o prevent the ratchet wheel 
fr<uii mtiviug backward, u second flat 



SalenH>ii*.s con inutalor. 


Salomon, It is dosicined to open and 
close a circuit sue.cessively by one and 
the ftiSne mancpuvre, and is]iarticiilai*ly 
applicable to tlic li^htinij and ex- 
tini^Yiisliin^ c>f lanipH or to taintinuous 
electric helln. It has the appearance 
and dimensions of the button of an 


sjn'inp; engages witdi each tooth and 
Indds it in place. 

(^) An elegant device has been got up 
by Orangier, of i)iunrd, for the purpose 
of lighting or extinguisjiing a lamp ® 
distance, from any number of points, 
by the sole aid of a button ftod two 
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'I’hc princii»lo of it is vory 
simple. It C{>u^isls in uotuatnu' llio 
vh*ct.ri) irmiTinit of a ivlav oominnhitor 
l»v jprrssiiii^ ujMm {»no of the^o Inittou.'.. 
Thi* Tnotion*if the nrm.'il uro l•^‘v^tlves a 
ratoliet \vh**cl I rcvolutinn at oin h 
injiuaaivro, Tli-is n-volutiou 
for oll'euting coutacts lliroUL^li tin* :tl I 
of two sprirfjs that pri*s^ a;iain'.t fiio- 
tioi] rollijrs j»rovido<i willi part') thataie 
suciMjN.si\fly insiilatinsf aud roinlin 
tliui) onhctiiig an opuuiin^ ami i*l«Ksiin4 v( 
tin; circuit conuoclcd with tho two 
s]irinj;s. 

Automatic.—(c) Tlic oiijccd of this 
apparatus, Fig. 1<I7, also hy Sahum-u. 
is to poniiit of ullhctiug, in a (.iTt.nn 


hcfnrc it has to W wound up again, but 
it li nnncrossarv to sav that such a 
limit is not ahsolnto, ami that it dupcmts 
solely upon the jirojiortions ui the ap¬ 
paratus ami the weight of its sjuaug. 
1 he apparatus consists of a cli>clv-work 
inoveineiit, nliiih, i very -'tO seconds, 
every ni«nut»% m* iikhc, according as 
need Im', IB thiowii into gear and causes 
lilt* jcMilution <d'an axle [, ’,<)r I turn, 
;u foniing as 4, (j, or S series arc used, 
Tiiw lotary motion changes the com- 
inuuii'atmils of tin* <*\terual cin’uit, 
puts :i new series in cin-uit, aud re¬ 
moves that wlucli has just ojieiatctl, 
d'liis result is xt‘rv easilr obtained )>y 
means of niet.diic imgers lixed spirally 


107, 



measure, n nearly constant lighting by < upon tho revolving cylinder, aud which 
Leclanchd pileft, through a method <if ^ come sucoessividy into contact with 
automatic substitution of several series ! springs, ^55 4, 5, (>, 7, that covirmui- 
operating one after tho otlier, and de- : cate with the positive poles of the 
]>olnnsing thciiiselx'^eS'diiring the period | dilVcrcut butteries, the negative poles 
of rest. The* apparatus, when once being connected with a common return 
wouni up, gives 2700 coinmutatijons ; circuit. 
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Ill orcler that the coiiinHilatt»r may 5 

nut work tin* jules are nut ojjural- 

ing, an electro-inaifnrt is brnuath 

tho J'evuh'i/iij cvlimler. As luiii; as the ■ 

lamps arc out, the cluck-wurk in(»vo- ! 

liieiit is lurifeii ; hut as suiui as the '• 

lamps are Jiijhte'I, llie electro-nni^net | 

attracts its arni.iture, whith thniW's tiie ! 

clork-u*uik niuvouu lit into u»>ar, ami 

tlic purely mechanic il fuiiciioii (.t ttie 

eunimutatt»r can then hi- pro-luccil. 

Accurdinij tu Sahmiuii, it u muM reijuire 

hatterie.s ul' a special inu<h l to s**ciiii* 

a coiitiiuKuis of in h‘liait<Mlui’a- ' 

tiuii, at the iMle t-f 1 ampt'-re, l-Ti \uli 

I>er cloinciit, in makin-' coieniutatiuiis 

ererv ‘>i> scconii-'. thu^ iea\i.*^ l.'ei i 
* . • 
sccuii'K of r»*^t bet\\eeii two succe"'i\(‘ | 


plate 3 in. diameter, and a piece of 
liardwottd plank, or, better, vulcan'te, 
tlie latter to servo as a hasp to e 
tinished instrument. From the 3 in. 
tube saw a piece ‘J] in. letf* and nicely 
.Sijnare its en<ls. Tliis is for the body or 
barrel of tlie tjalvanoinetcr. Crosswise 
of this, and midway from eitlier ontl, a 
slit 2 in. loiii; aud i in. wide is iio.\t to 
Ih» iita4o« 

Now take the 2}, in. tube, and with 
a broad h.ilf-ronnd lile fit one cml of it 
to tin* side of tlie barrel—a rather ilifli- 
cult feat for a tiomcc When fitted it 
IS to be solib-ri*d in place, immediately 
over tile slit in the barrel. In this and 

IDS. 


jicriu is of w urk. 

S.iluinun’s commutalur, );v nicaii' * 

« 

sip^iit niu'lilo .itmnsj niav be utiiise.l 
with ad\ant.i^e for an aiiab':inis >ci\i( u 
—that uf the cli.irLrin.r of a .sein'-i <d 
aa’umul.itor^ tiirun^li a small numiM-r 
of (dements fb^^^**’‘'**>‘^1*' ''Ujpliate of 
copjicr). The commutator .>huulfl, .sav 
every -J hour, make fin; ch.ir^ini^ pile 
pas-* automatically from one series to 
other, and thus perform, ^V'-temali- 
cally and lucthoilb ally, a niano-iurc 
Intherto oliected by hainl, but quite 
irregularly. 

lu his last arrangemcat.s of the chlo¬ 
rine pile, L')>wani uses an apparatus 
wiiose function i.^ e.\.icily the .same as 
that of the one just describeii, Init it.s 
lii_oh price leads Us to believe that tin* 
►Salomon arraii;;ement, slii^htly inodi- 
ficil, would .solve the prolib-in in a 
simpler and more (M-onomica} manner. 
Galvanometer. —To every w^irker 

m 

in physics or electricity a oood and 
reliable galvanometer is a prime iumip.s- 
sity; but the prices asked for such by 
iuiitrunient makers often constrain one 
to get along with some rude and im^ 
perfect makeshift.^ lint at a merely 
trifling cxpcn.S(», an instrument may he. 
made whicli shaU be eijual in jierform- 
auce. tlj any that can be'boiiLdit, and 
which requires but little luechaiilcal 
skill ou the part of the maker. 

Procure 1 ft. of .‘5 in. brass tubing, 
0 in. of 2^ in. tubing, G discs of brass 





Gulvauonieter needle* 


Tl. alumitilum wire; A, mirror; NS, mug' 
neiic Kysteui; K, silK fibre; ifi E, dragon fly 
wings. 

subsequent operations />f soldering the 
joints are to be “ sweat “ together, that 
is, the ]ueces are bound in |4acc with 
wdre, plumbers’' acid aiul solder p^it 
around the joint, and the whole heated 
in-a lamp until the solder flows into 
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the joint, when it may l»e “wiped” 
with a piece of cloth. Thus is formed 
the standard of the instrument, which 
serves to support it npmi its haso. To 
this end a ^ng of w'ood may he driven 
linnly into the open endof tlic standard, 
and a large screw passed up ihrougli 
the base into it, thus binding the tw*o 
to^'etUer. The base niav be turned or 
tlnished in any form it) suit the taste of 
the maker, aiul it shmihi be provided 
with -d levelling screws threaded 
through the base itsedf w through 
projecting arms of brass. 

At the central point td’ the top of tlie 
barrel drill a small hide, and oM*r the 
hole solder a brass ferrule for holding a 
glass tube, which last is to carry the 
suspension arrangiMueut. Now take 
pi of d , tubi 

Saw from it two rings, each ^ in. wide. 
After snmothing the eiuls ot these, slit 
them open and takeout a small portion, 
so they may just be sprung into 
•the barrel. Wluleinihis jioMtion, with 
a little projec^g, one of the discs Is to 
be laiil upon either ring and secured hy 
siddering. Thus are formed tuo shallow 
cups*for eoi'itaining the coils. Through 
the centre of one of these cup^. make a 
hole J ill. diameter, and aUti in each 
cup two fine holes, one near the cir- 
eumference, the other near the centre, 
for ]Kissiug out tlie terminals <»f the 
coils, Jii the cup having the large 
central hole, the small hole is to be 
made close by the edge of the large one. 

Ihe coils themselves may next be 
Wound. Make a sfiool of wood, 1 in. 
between the heads, and having its core 
® in. dianuacr at one end, J in. at the 
other. The spool head on the smaller 
end of the core is made removable, so 
that the coil when ^lni^dled may bo 
drawn from the spool, I'iu the spool 
to any convenient support with a large 
screw, and insert \i peg near the margin 
of the free head, to servo as a handle 
for turning tjio spool in winding the 
coil. The wire to be used will depend 
upon the purpose for which the instru¬ 
ment is* to be ein ployed. No. 24 to 28 
wire is goodafor general purjHises; but 
the j;eueral worker will iind it advan¬ 


tageous to have three sets of coils of 
No, 16, 28, and 'UJ wire respectively, 
and it was that other cu}>s and coils 
might be made at leisure that the extra 
tubing and discs were j)rovided. 
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ii, sliding wire for mljnstlng needle; F, silk 
nitre; N, glufrs tubt.^ 

IVfore winding, the wire is to be 
rooked in hot parallin until all air is 
driven oil. Make a small hole through 
the spool head close to the larger end 
of the core, pa.ss oi^ end of the wire 
through this hole, and then, guiding 
the wire with lUU' hand .and turning the 
spool with the other, fill iiji the spool, 
making the winding as snug and perfect 
ns possible. To permit of adjustment, 
the outer diameter of the coil should be 
a trifle less than the diameter of the 
cup that is to ooi^aiu it. Carefully 
take away the removable spool hca(f, 
and without disturbing the coil give it 
a thin covering of tfolid shellac^hpim its 
ex]iosed face and edge. The shellac is 
melted and neatly snioohed upon the 
;»il with a hot iron. The coil may now 
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Ih» must carufully reiii(»ved from the 
spool, and its other face, as well as the 
]K)rtiou NN ithln the eomeal hole, coated 
with shellac as above. The se<*<»nd and 
s\ibst!(|uent coils are maile in the same 
manner. The mils are ii\ed in tliccups 
l>y pourin^^ melted rosin ab<)\jt them, 
iirst talcing; care to j»ass the terminals 
thnnij^h the holes )>rovidi:d for them. 

The needle or nia;;iH*tic system ne-\t. 
demands attention, and it will test the 
skill <»f the hc^iuner. A piece of No. 
Ih alumininm wive, in. loiii;, is 
tlattened at either end for h in. of its 
length, and through one end a iiunute 
hole is pierced. A statf for carrying the 
magnets ainl mirror is so fornud. For 
the inagneU proenre a rather wi<le 
watch spring, anneal it well, and (ile or 
grind a portion oi it until it is made as 
thin as newsj>aper, rilxtut '07 inni. 
Cut from this jueces, oacli -J in, long, 
and roll them about n steel wire into 
little hollow' cylinders in. diameter. 
(Some manufacturers use short Hat 
jncces of narrow watch spring for this 
purpose). 

The 12 cylinders arc then to he 
dipped in a strong solution of ptttassiuin 
fernwyanide, heated to bright redness, 
and suddenly jdunged into cold incr> 
cury. By these means they are made 
extremely hartl, and will retain a very 
strung magnetic charge. To magne¬ 
tise, string them on a W'ire, and put in 
a solenoid through whicli the stnjnge.st 
available current, preferably that from 
a dynamo, is made to pass. 

On little S(|uai’e siales of mica ar¬ 
range the magnet^ in two sets of 0 each, 
taking care that in each set the jades of 
the individual magnets shall He in the 
same direction. Secure them upon the 
mica scale.s with a very little shidluc 
varnish, and in the same way tlie mica 
scales iijHm the .staff, one at eitlu^r end, 
being very careful that the combined 
]mlej» point in oj>jiu^ite directions in the 
tw'o sets of magnets. In front of the 
magnets near the upper eni^.<»f the staff 
(the eirt having the minute hole) is 
placed a mirror, and fixed witn shellac. 
These mirrors may be lu»ught for a 
small sum of the dealers, or easily made 


by grintliug very thin a j)i<*cc of plate 
glass alul silvering its unground side. 
Tiie ordinary microscojdc cover glasses 
are rar jly i»erfc*ct enough to be used as 
miiTiU's. Uur neetlle no\^^ needs only 
tlie addition of a jmir of dragou-fiy 
wings, in the position indicated in Fig, 
108, to make it comjdete. These wingS 
bring the needle quickly to rest after a 
displacement. 



0,(2, galvaiioim ter iMirrcl; MM.cdHs; A, 
mirror; K H, niagiieUc system ; 0, lens ; T, 
tiilic for standard; N» gUiss tube; R, alu¬ 
minium wire; X X, termitwils of culls. 

A glass tube 10 In, long^ now to be 
fixed njiright in the ferrule on the toj» 
of the barrel. A little sulphur melted 
upon tiie heated end of the lube accom- 
jdishes this. The toji of the tube must 
be jirovided with an arrangement for 
susjiending the needle. Fig. 109 shows 
bow this is made. J?nother ferrule fits 
the glass tube. On it rests a small 
plate of sheet brass, whicii is perforated, 
and through the latter a split tube 
passes, grasping a wire, and moves in 
the tubtt with gentle friction. The 
ferrule, the plate, and Wi'c split tube 
are united wdth solder. To Buspery^ the 
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lu't'tlie, rtiinovo the sliilmg wire aii'l to j 
its extreiiiitv attach with varnisli ' 
(Mul of a loii;^ fibre of silk, such may : 
be drawn from white embroidery .silk ' 
or a whit«£)iik ribbon (tiiisjmn silk I 
tlbi't is preieiMblu for tins pur|io>e, Imt 
the twislel libre may be st rai^rliteiied 
by steainint;), Tress a little liall of wax 
upon the fre** end of the lii»re, and droj> | 
tlie ball down tlirt)uj;h the split tnl)e | 
into tlu* galvanometer barrel, and puiih | 
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T, piip'jr tube i r, draw luKs b, hnt*, \S\ 

wne. 


the wdre in place. Tlie end of tlie fibre 
in th> barrel can now be caught and 
•threadi^d thiou^h the hole in the needle 
stall’, secured, Ju the w ings put through 
the slit at tne bottom of the barrel, 
where they should swing freely in the 
tub^ b(dow'. The coils can now be 
pushed into place, the coil having the 
large liole being the front one. In this 
hole a speetacle len:> of 4 ft. focus, 
ground to a fit, is to be cemented. The 
susj«*nsii»u wire is moved iij» «>r dow'ii 
until the mirror is sci-n to ca’cupy the 
eentre of the cml. Two itf the coil 
terminals are to be jninetl so tiiat the 
current may circulate m tlie same 
direction in each coil, and the <rther 
two are connected to screw' jatsts ii])on 
the base of the instrument, 

A small hnr confrvlitntj inagnct i.s 
provided, cither upon a separate stand, 
or it may bo attache*! to tlie glass tube 
with the aid id' a sjilit cork. Thi^ in¬ 
strument itself is now eoni}dete, except 
some means for reeling its iiidicatiims. 
^hc following sitiqde device accom¬ 
plishes that pur]iosc better than the 
most elaborate and costly tclosco]io am! 
scale. ^Procure one of those lenses sobl 
as reading glasses. It should be about 
d in. diamete^and 6 in. focus. Make a 
stiff ^ube 6f paper 2 ft. long, in. 


inlenml diameter. The tube should be 
furnishe*! with a te]ese*>pic slide at on; 
end, and in the slide a ]ieopludc. The 
lens is to be fixed in the tube at its own 
Ibciil distance from t!u‘ peephole, and 
*i}>positc the j>ce)»hide, nK«) ill focus of 
flic lens, a fine wiiv or s]tider line is 
stridched. Kig. Ho show's the device in 
.vetiou and will make the details clear. 

A scale of eipial ]irirts ]>riuted or 
marked upon pa]>er and attaclnd to a 
strip of buard is the only remaining 
ib'tail. ^1 lie teb*'‘Copic <lcvic** is secuivil 
so as to point (iirectly at tiie galvan- 
«um‘ter mirror, about b ft. di.stant, and a 
lew trials will enabl<‘ one to place the 
scale so that a ili.stinct mi*w of the iliii- 
Mons mav be had u{>ou looking through 
tin* t<desc**p*'. Jh-meinber that the 
s(ul*‘ Is se*‘n rctlecled in the swinging 
mirror, and there will be but little 
dilliculty in securing the correct ad¬ 
justments. 

An instrument made b^ the W'riter in 
the tbregiiing manner, though it has a 
resistance of only bO ohms, gives a 
iletiectnui of 2*> divisiiuis of its scale 
through a resistance of idims, 

the curronf being furnished liy a single 
Ikinieirs cell- It can be made without 
a lathe. There is but a single screw 
about it, ami tlic wind** c<ist of ctin- 
structiou iiecil not be more than 
lO-lUs. 

Iiainps.—('0 A viuT good Awin of 
lamp can be made i>fa ne*’k globe, to 
be ])roeiirctl at the ehemical apparatus 
shops, ill the shape *»f Kig. ITJ : u is the 
globe and ^ two itf the necks, which 
shoubl be fitted witfc corks, drilled to 
receive pieces of J\o. 1 bra.ss wire, ami 
then ciuiicnted in. Fig. 1 III shows one of 
the bra.s.s wires drilled about ^ in. down 
to receive:! length of carbon, and a hole 
at the other cud to fasten the connect¬ 
ing w irc.s to. A piece of very fine 
carbon is in>erted between the wdres 
(about 1 in. Jung in.) leaving ’ iii. 
exiHiyed. The globe is filled with nitro¬ 
gen by burling out the oxygci^ in the 
following manner: — A stopcock is 
cemented into the third neck and then 
screwed into a capped gas.jar, which is 
placed in a pneumatic trough with a 



Lighting. —The following tables are very useful:— 

ft 

TABLE J.—Cost oy Laying 100 Yv, of DountE Conductor underneath the Footway of a Londox ^Street. 
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TABLE III,—Cost of I0,o0o-Li«jur or OOO-KiLOWATr Plaxt. 


A.T.—Ai.Ti-:KNATi\a Tkansformi:!; 

DiSTUIIJL'TIuN. 


B.T.—ACCtJMljLATOi; Tuaxsformer 
D isntiuL'riox. 


Gont'ratinj; station, LuiMinijs, 
chimney shaft, water luuks, 
and general fittings 
Dynamos and exciters.—Bt)5 
kilowatts, including spare 
Mils, divided as cMniveinent.. 
Motive power, i.e. cngiDC.s, 
boilers, steam and fi*ed enn- 
nertions, belts, &(*., at 8/. 12s, 

per III.1’. 

•500 traii'ifomicr.s, i.e. one to 
every pair of house.-, at lOL 

each . 

2000 yd. primary or cliarging 
main, exterior t«) area of 
supply, at jM'r lt)0 yd. 
20 ,oou yd. dUtiibuting main, 
5o inm. se(*tional area, at 
yU. 7s. (see Table I.) 
Regulating gear . 


c 

Generating station, builditi»g.s, 
chimney stack, water tanks, 

£ 

11,000 . 

and gfUt-ral fittings ., 
Dvnaiinis—fiito kilowatts, in (» 

8,000 


sets of » kilowatts each 

4,S00 

5,510 

Motive piJW’cr, i. e. engine , 
boilers, .steam an 1 feed con- 

ueetjons, A;c., at SI. 12s. i»er 



I.ILP. 


12,170 

4 groups of a<*(*iiinulat.>*rs, in 
all 240 cell-, m series, at 4o/. 



per cell, including .stamis .. 

9,00o 

7,5o(> ' 

2 OU 0 v<l. charging main, at 
5otj/, 17s. per loo yd. 



(see 'fable 11.) . 

r>,i:;7 

0,11)0 

1 

20,000 vtl. distributing main. 


161*25 mm. sectional area, 


1 

1 

at 100/. 12s. ini (sec Table 


14,270 

11.) . 

^^0,125 

50l> 

J 

Regulating gear . 

/ 2,500 

1)57,440 

\ 

£59,762 


TABLE IV\—WoKKiN’o Exi^e.vsks and Maintenance of 10,000-Lioht, or 

GoO-Kiu>watt Plant. 


A.T. 


Matcrifth — 

Coal: 4.'180 tons at 
„ 2.">.'»0 ,, 17s. 

Oil, water, and ])ettyj 
stores: ir>0o hours at| 
7s. OJ. 4* 7520 \iour.sj 

Oil, water, and petty! 
stores; 1400 hours at 5s. jj 
Total cost of material.. 


£ 

:i,72.; 


s. (1. 

0 0 


02:> 0 0 


Labour — 

2 foremen drivers at 4 
6 drivers at IIOj., 9 hre 
men at 24s.; sundry 
labour ^ •• 

1 foreman driver at 45.s.,j 
2 drivers at 30s., 3 fire- ( 
nien at 24s.; sundry j 
labour. J 


k5s.,! 

fire-1 

i 


1,388 8 0 


• • 


l>. 




I . 


• * 


4,G48 0 0 


• • 


• • 


B.T. 


£ .V d .' £ 

2,107 0 0 


S. d. 




350 0 0 


• • 


• • 


975 0 *0 


2,517 0 d 


«• 


•) 
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AT. 


R.T. 


£ . 9 . J. 


Aft 


(/. 


Rrouf,ht forward .. 

1 cliiefat 2 assist 
ants at 2(^0/. raoh, 4> 

(It'rks at 80/. farh J - 
1 (liicf at r>fH»/., I assist- ji 
ant at 2(K)/,, 4 cUrks at}, 
8('/. o;u‘h * . > * a * 

Mmniniancc of Pitnf — 

•* 

Mnti\o j)o\\t‘r and dyna- 
|M‘r rout, on 


•'f. d. \ £ . 9 . d. 


• • • « • 4 


18,010/. 

Mutivf power and dyna¬ 
mos: 10 j>or cent, on}; 

13,400/.I 

Tmildings and fittinijs:! 
5 per l*iyt.. on 11 , 000 /. 
Htuildiugj and fittings:i’ 
^ per cent, on /tOO/. ( 
Tninsformers: ^10 p('r\ 

cent, on 750o/.j 

AccmiTulators: 15 perl 
cent, on 0(;o(i/.j 


): 


? •• «• 9 4 

Main*!; 2 \ per cent, on 
SiM^2/. " .. 

Regulating gear: 10 per 
cent, on 500/. .. 

Regulating gear: 10 peri 
cent, on 2500/: .. 


2100 units X 365 days =r 
760,500 units. Cost perV 
unit .. .. 



1,:JS8 8 0 ; 

4,648 U 0 
’ 1 

975 0 0 

1,22(1 0 0 

ft ft 

ft ft 

• s 

• ft 

1,020 0 0 


O i\i\Q W (\ 


l.sol 0 (• 

r *0 ftr \f 

ft ft 

• • 

• • 

ft ft 

1,340 0 0 

r).vi 0 (» 

• • 

ft ft 

• • 

ft ft 

400 0 0 

7:t'» 0 0 

ft ft 

ft ft 

• ft 

ft ft 

1,440 0 0 

1,:.32 5 0 

ft ft 

ft ft 

• ft 

ft ft 

056 10 0 

50 0 (> 

ft ft 

ft f 

• ft 

\ 

1 •• 

250 0 


I 1,005 0 0 


4,683 5 0 



4,086 10 0 


8,598 10 0 


2 • 7d. 


{K. K. B. Crompton.) 


I'ioce of phosptiorus on a little stand 
(^ig. 114). When all is ready, the V is 
lighted -hy a hot wire, the jar jdnced 
ever it, and tl^ stopcock opened. Phos¬ 
phoric acid is formed, which eventually 
dissohres in the water. When the globe 


is (|uitc clear again, shut the stopcock, 
and unscrc^' tlie globe from Die jar. 
it can then be screwed to any of the 
gas brackets, and insulated wires run¬ 
ning inside or outside the gaspipe from 
a battery of at least 6 large Bunsens. A 
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very fair the result, infrpased of not^ative, which takes 4 in. Those slide 

oour>e h)" the number of colls emitloyeil in tubes, A beinc; the heavier ; F E is 
(Fisj. 115). The s:lo}>e can be bou^lit at a lever witli its fulcrum at C, the 
Jackson's, 05, Barbican, for about l.s. cud E beinsj half as lou" as F, The 

E end is coni.cted hy an 
113. Ill, ivory or bone cuniiectiiu;- 



ifonio-made lamp. 


rod to B, as shown, and the 
end of F by similar means to 
F from E. On the negative 
carluin-holdor bangs an iron 
t'vlindrieal weiglit, which 
sli des easily in the roil 
C!. When no current is 
])assin‘r, the carbons touch ; 
but V hen the current is 
switched (un the iron weight 
is drawn <lonn the mil,and 
the tdeedne arc is formed. 
On tin* current becoming 
>veakcr, the positive cav- 
Imuj fall.s, forcing up the 
negative half the distance 
by means of the lever 
FCE. Tills re.stor .'^unearc, 
and tlic rir}>ons locked" 
by the cfVj. Any otlier 
arrangenieTjl may be em- 
jdoyed to look tho cjrbon, 
the chief point ehumed for 
this lamp being its sim¬ 
plicity. (C. Crawford 
t'ory.) 

Microphone. — Fig. 
117 is a niicro]>hone whi<'h 
any person who has the 
materials at h.and can easily 
construct for himself. Tin* 
vibrating plate A consists 
simply of a visiting-card of 
medium thi^^kness cut 
square. Surh a shape is 
much better than round, as 
the latter, although more 
elegant iu appearance, dt»es 
not give so good rosuHs. 
To this card arc atlixccl by 
means oVsealing-wax 3 thin 
and light discH of wirbon 


BBBofthc kind used for the 


(6) l^ig. 1IG is a regnlatoi lamp of my 
own de.sign, and which works very well 
indeed (tho box is removed for clo/ir- 
uesH^; A i<f the positii^e carbon-holder, 
which takes 8 in. of carbon, and B, the 


electric light. These 3 discs occupy sym¬ 
metrically the 3 flj»ices of an equilateral 
triangle, and ard ]mt into conjinuiii<*a- 
tion by means of copi^er Vires 6. With 
thi 3 object in view, a small aperture is 
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funned in each disc^ and into this is 
fixed the extremity of a copper wire 
either by cement or friction. The 
coj»j)er may be advantajjeously replaced 
by platinuinJ* Finally, ti>e 3 wires are 
united. 


the latter it passes through the wire 6, 
into the disc JiB, to return to the 
terminal J), in traversing the two rods 
iV.. 

This little instrninent will prove very 
sensitive to the voice and all noises, 



ICasily ctniHliuctcd iincn»pliono. 


The rest of the apparatus consists of 
a square w<H»den base M, which su]>ports 

])risinatic carbon rods t’CC, that 
exactly correspond to the discs BBB. 
The two rod? CC communicate by copper 
or ]datinnm wires dd with the same 
terminal 1). The third rod C coninuini- 
cates alone with a second terminal I>. 
The uj>pi*r extremity of these carhon 
rods must he chisel-shaped^ such a fiirni 
having been foniK^to give the best ro- 
suUh, inasmuch as the contacts become 
fewer in this case. The rods are fixed 
♦o the wooden base by means of sealing- 
wax. 

The theory of this microphone is very 
simple. The ^current ent-ers, for ex- 
*^niple, throng the terminal D, follows 
the »>d c and then the disc B. From 


pniviilfd timt the plate A be given a 
proper weight, (me that is neither too 
heavy nor too light. If this be done, 
tiie voice of a |>erson speaking in an 
ordinary tone may hW 

. 

at the end of the room that contains the 
microphone. The stmnds (»f a piano are 
particularly well rendered by it. The 
apparatus must ho placed upon a table 
at a distance of 2 —:i y»l. in order to 
protect it fnun the jarring of the 
eartli. 

As for the pile nA‘cssary for saturat¬ 
ing the instrument, one small Bunsen 
or two or tlfi'ce Leclanchd elements may 
be used. Aprojms of the Leclanchd pile, 
a modification of it formed of a zinc and 
a carbon jdate, both of them dipping 
into a saturated solution of bichromate 
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of potash anti hydrochlorate or sulphate 
of ammonia, is very simple, and avoids 
the costh” mechanism desiijncd to re¬ 
move the zinc from the action of the 
acid when the pile is at rest. Tliis 

element does not wear awav when the 

■ 

current is iiderrnptetl, as in the 
Leclanchd pile. One obslacle at first 
remlenMl the use of this j>ile very difii- 
cult, and that was the fact that tlic 
ainmoniacal salts rose alonaj the carhons 
and attacked the communicating wires 
so that these broke and tliu-s interrupted 
the electric current. lUit it is only 
necessarv to dip the carbons into a bath 
of boilinir ]»aratfin, then allow the whole 
to co(d, and aft^Tward to acr-rpe the 
carhon with a knife so as to fre its 
surface of the paraflin. This latter 
material penetrates the jmres of the 
carbon without notably chan-jiimj; its 
electric coiuiuctivity. The liquids are 
thus no lontjer able to rise tlirouj^h 
cajiillary attraction. Ledanchc t^ot 

around the difiicultv by leaden arma- 

• • 

tures, but the means described above are 
simjdcr. The electromotive force of 
this new element appears to be greater 
than that of a Le<danche of the same 
dimensions. (/>a Nature), 

Motors. —It is generally under- 
stoo<I that an efficient electric motor 
cannot be made without the use of 
machinerv and fine tools. It is also 
believed that the cxjiense of patterns, 
castings, and materials of various kinds 
required in tins construction of a good 
electric motor is considerable, nio 
little motor shown in Fig, was devised 
and constructed Svith a view to assist¬ 
ing amateurs and beginners in electri¬ 
city to make a motor which might bo. 
driven to advantage by a current de¬ 
rived from a battery, and which would 
have sufficient power to operate an 
ordinary foot hithe or any Hglit 
machinery requiring not over 1 man 
power. 

The only machine work required in 
' its construction is the tn filing of the 
wooden supports for the armature ring. 
The materials cost less than 8s., and the 
labour is not great, although some of 
the operations, such as winding the 


armature and field magnet, require 
some time and considerable jiatienco. 
On the whole, however, it is a very 
easy machine to make, and if carefully 
constructed will certainly t:ive satisfac- 
Li(m. (.>nly sucli inaferials as may be 
procured anywhere are rei^uired. No 
patterns or castings are needed. 

lieginning with the annnturo, a 
w’ooden spool A (Fig. 118) should bo made 
of sufficient si/.e to receive the soft iron 
wire of which the core of the armature 
is formeil. The wire, before winding, 
should be varnished with shellac and 
allowed to dry, find the surface of the 
sj>ool on wliii'h tlu* wire is wound 
should he covered with paper ((» prevent 
th<‘ sticking of the varnish wdien the 
wire is heated, as will presently he de¬ 
scribed. The .size of the iron wire is No. 
18 Ameriean wire gauge. The spool is 
in, diameter in the smaller part 
and 2 in. long betw'oen the flanges. It 
is divided .at the centre ainl j fastened 
t<tgether by screws, i* Each rpavt is 
tapered slightly to faylitatc its re¬ 
moval from the wire ring. The wire is 
wound on the spool to a de])th of -g in, 
It should be wound in even layers; and 
when the wiinling is complete, the spool 
and its contents should bo placed in a 
hot oven, and allow^cd to remain until 
the shellac melts and the convolutions 
of wire arc cemented together. After 
cooling, the iron wire ring li is with¬ 
drawn from tiip spool, and covered with 
a single thickness of adhesive tape, to 
ensure insulation. 

The ring is now sjmeed off into 12 
equal divisions, and linesp are drawn 
around the ring transversely, dividing 
it into 12 equal segments, as shown iu 
Fig. 120. Two \vodge-sha])ed pieces C of 
liard wood are notched and fitted to the 
ring so as to enclose a space in which to 
wind the coil. This^coil consists of No. 
10 l otton-covered copper magnet wire, 
4 layers deep, eaeli layer having 8 con¬ 
volutions. The end a ant] the beginning 
6 of the winding terminate on the same 
side of the coil. The last layer of wire 
should be wound over 2 or 8 strands of 
shoe thread, which should he tied after 
the* coil is complete, thus binding the 



Hg. iiy, armature core; fig. 121, transveiNC HCctUm; fig. 120, end view of annature 


bbowiiigcoinimitutur; lig. 

wires togotKJr. Wl'oii the first section 
the windin*j is finisheih the wire is 
cut off and the ends (al»out 2 in. long) 
are twisted together to mnse the coil 
to retain its shu]>p. After the com- 
]>tction of the first section, one of the 
pieces (J is inovedt to a new position, 
uiid the second section is pnwieednti 
with, and so ^on until the 12 sec¬ 
tions are wound. Tiie roils of the 
ring are then varnished with thin shel¬ 
lac vamikh, the varnish being allowed 
to soak into tke interior of the cidls. 
rinall^ the ring is allowed to remain in 


120, l)rns]i'hul(litig disc. 

a warm jjlace until the varnish is 
thorougiily dry and hard. 

('are should be taken to wdnd all the 
coils in the same direction, and to have 
tlic same number of conv(dutious in each 
eoil, A convenient way ofcaiTving the 
wire through aiul around the ring is to 
wind upon a sina^I ordinary spool 
enough wire for a single section, using 
the spool as ^ shuille. 

The ring is mounted upon S wood 
support or huh 0, and is held iu place 
by the wooden collar H, both hub 
aud collar being provided >vith a con- 
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'Winding the armature. 


cave lliiiifre for receiving the 
inner edi^es of the riiifj. The 
c*‘illar II is AistfUeil to tiieeihl of 
the hill) (r by ^'liinarv hni'^R 
wood screws. Both hub and 
collar are mounted on a -.y.,- in. 
steel shaft formed of Stubs'wiro, 
whleli need^ no turnina:. A 
jjullcy is Ibrmed inte«<rally with 
the collar II. The end ol 
the huh (i, wliicli is jirovided 
with a lian^e, is ])rnlouiri‘d to 
form the commutator, and the 
teriiiina's a h of the riui,^ coils 
are ariMiiJced alniisr the surface 
of the huh nnd jiisi'rted in radi.il 
holes drilled in the hub in 
pairs. The uires are arraiiii^ed 
So that one hole of each )»air 
receives the outer end of one 
(‘oil, and the oilier htde receives 
the inner end of the ne\t coil, 
the cxtieiiiities of-^he wire 



Forming the field magnet. 
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srrajH'd bcffire inserlioi) in flio 
The (li.staiifT b*d\\rt*n tlu* holos 

of eacli i»air is MUiii'iciit to allow a 
bra^s >Yood%crew to enter tlu‘ end iif 


I‘J ]):iirs of terminals, there will of 
conrse l>e r<’i|uired a rorrofejumding 
number (»f bi-ass screws. Thes(‘ screws 
are inserted in the cud of (he luib G, so 



Simple electric motor. 


Gi atnL form an electrical cou¬ 
th l^oth wires of the pair, as 
> Fig, 121, 

being 12 armature sections and 


ns to come exactly even with the end of 

m 

the hub. This completes the armature 
and the commutator. 

Befoi*e proceeding to mount tfie arma- 
* N 2 
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ture shaft in the journal boxo«, it will 
be necessary to construct the /ield 
magnet, as the machine must, to some 
extent at least, be made Ly of 

thumb.” 

The body E of the Hehl magnet con¬ 
sists of stri[>s of Ihissia iron, such as is 
used in the manufacture of stoves and 
stove pipe. The .strips are ‘2^ in, wide, 
tlieir combined leniith beinij sutrudent 
to build up a magnet cure in. tliick, 
of the form shown. The motor illus¬ 
trated has 15 layers of iron in the mag¬ 
net, each requiring about 2G in. of iron, 
approximately 33 ft. altogether. 

The wooden block F, on which the 
magnet is formed, is secured to a base 
board G, as shown in Fig. 122, and 
grooves are made iu the edges of the 
block, and corresponding holes arc 
formed in the base to receive wires 
for temporarily himling the iron strips 
together. Op}msitc each angle t)f the 
block K, mortises are made in the base 
board G, to receive the keys d and 
wedges c. Each key d is retained in 


has reached the required thickness, the 
wedges c are forced down so as to hold 
tJie iuon firmly, then the layers of iron 
are closely bound together by iron 
binding wire wound ai'oulfd the magnet 
tlirough the grooves c and holes in the 
bass btiard G. 

The next step in tlic construction of 
the machine is the winding of the field 
magnet. To ensure the insulation of 
the magnet wire from the iron core of 
the magnet, the latter is covered upon 
the parts to be wouml by adhesive tape 
or by cedton cloth attached by means of 
slndlac varuish. 

The direction of winding is clearly 
shown iu Fig. 124. 5 layers of No. Id 

magnet wire are wound upon each sec¬ 
tion of the magnet, the winding of sec¬ 
tions 1 and 2 being oppositely arranged 
with respect to each other. In like 
manner, tlio winding of sections 3 and 4 
is oppositely arranged. Th^wiuding 
of section 1 is also opnr^itc^bd'that of 3, 
and that of 2 is opp()site to that of 4. 
The winding begins atyiie outer end o 


121 . 



Circuit of simple electric motor. 


the mortises a dovetail, as shown 
in Fig. 123. By this arrangement, 
each layer of the strip ^ iron may be 
held^n position, as the formation of the 
magnet proceeds, the several keys Jand 
wedges c being removed and replaced in 
succession as the iron .strip is carried 
arounjl the block F. When the magnet 


the magnet, and ends at the inner end 
of the section. When the winding is 
completed, the temporary binding is re¬ 
moved. Tlie outer ends of 1 and 2 arc 
connected together, and the ‘outer ends 
of 3 and 4 are connected. The inner end 
of 2 and 4 are connected.. The inner end 
of 3 is to be connected with fixe com** 
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mutator brush /, The iunor end of 1 is 
to be connected with the binding po^t 

and the binding post // is to be eon- 
nected with the cominutatitr brush /. 

The field i^a^nct is now idact'd upon 
a base haA’iug blocks of suitable height to 
support it in a horizontal jtositioii. A 
block is jdaced between the coils to 
])revcnt the lop of the magnet IVom 
drawing down upon tlie armature, and 
the magnet is secured in place ]>> brass 
straps^ as shown in Fig. 12o. 

The arnintiire is %\raj»}»ed witli 3 or 4 
thicknesses of heavy paper, and inserted 
in the wider part of the field magnet, 
the paj>er serving to centre the arma¬ 
ture in the magnet. The armature 
shaft is levelled, and arranged at right 
angles with the field magnet. Tlie possts 
m which the armature shaft is jour¬ 
naled are bored transversely larger than 
the shaft, au<l a hole is bored from the 
lop downward, so as to communicate 
with tlf*i itj-ansverse hole. To prevent 
4]u! binding fir (♦he journal boxes, the 
exposed ends of the armature sluil't are 
covered with 0 thin wash of pure clay 
and ^llowcd to dry. The posts are 
.S4'ciired to the base, with the ends of 
the armature shaft icccivod in tiie trans¬ 
verse holes. Washers of pasteboard are 
}»!accd upon the shaft on the opposite 
sides of the posts, to confine the incited 
metal, which is to form the journal 
boxes. Babbit metal, or, in its absence, 
type metal, is melted and poured into 
the space around the sflaft through the 
vertical hole in the post. The journal 
boxes thus formed are each jirovided 
with an oil Jjofe, extending from the top 
of the post downward. If, after clean¬ 
ing ami oiling the boxes, the shaft d(»ps 
not turn fretdy, the boxes should be 
reamed or scrajicd until thedosiretl free¬ 
dom is secured. 

All that is now Required to comjdcte 
the motor is the cominutator brushes /f. 
They eacdi consist of 3 or 4 strips of 
thin hard roWed copjicr, ciirveil as 
shown in Fig. 121, to cause them to bear 
upon the«screws in the end of the huh G. 
The brushes are secured by small bolts 
to a disc of Yuleanispd fihre; pr vulcatj- 
ito, points, ns 


shown in dotted lines in Fig, 12f», and the 
brushes are arranged iu the direction of 
tlio rotation of the armature. In the 
bnish‘carr\iug disc is formed a curved 
sh)t for receiving a scre\v, shown in Fig. 
j 20, which passes through the slot into 
the jiost anti serves to bind the disc in 
any position. The disc is mounted on 
a boss projecting from the inner side of 
the eoncentric with the armature 
.shaft. The brushes are connected up 
bv means of flexible cord as shown in 
Fig. 123. The most favourable ]) 0 .sition 
for the bnislie.s niav soon be found 
after applying the current to tlie 
luottir. The ends of both brushes will 
lie appioximately in tJie .same horizon¬ 
tal plane. When the motor is iu opera¬ 
tion, the direction of the. current in the 
coiuluLtor of the field magnet is such as 
to ])roJuce consequent poles above and 
below the armature. 

Fight cells of ])lunging bichromate 
battery, each having one zinc plate 
.3 X 7 in. and 2 carbon jdates of tlie 
same size, will develoj) sullicient power 
in the motor to run an ordinary foot 
latlie or 2 or .3 sewing machines. 

The diinen.sions of the jiarts of the 
motor are tabulated below: 


T<<'ngth of fieUI iiiaguet (inside) .. 
Ititcni.il daimetcr of |Kilar section 

iTingnet. 

Width ol magnet core .. .. ., 

of luyoiH of wire to each coil 

of magnet. 

No. of convuhitione in each layer 
lAMigtii 4»f vs Ire in each coil (ap- 

proxlmatt‘). 

Si'/e of wire. Am. W. U. 

(iiitMdc diameter of :irniaiure •. 
lnHido diameter of amvature core 
'riiickness „ „ „ 

Width . 

„ „ „ wound 

No. of collft on annalure 


No. of layers in tacli coil,, 

No. of I’oiivoliitiotiB in each Inytr 
Iji'iigtii <if wire in each armature 

(approximate). 

Si/e of wire on ainmture, Am. 


W. <1. t. 

L( iigth of nrinatnie Miaft .. .. 

Jiiametor of armature shaft 

„ „ #woo<ien huh .. • • 

Diptiince between Kluiidards .. .. 

Total weight of w ire in armature 
and Held magnet . 


lOfiu. 



•I 

H 


5 

34 


95 ft. 
No. 2C. 


3i in. 
*i * 

*IH w 
H 



It 


12 

4 

8 


M 


30 ft. 


No, IG, 
74 In. 


u 

■sa 



»i 

ff 

»» 


eib. 


((ij M. Hopkins,) 
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Phonogram and Grapho- 
phone.—From tlie ivhoarchcs nf a 
number ol‘ iiumteri? ^\ith llu; 

}>hoiiogrnph, it ap]U‘ars that: 

(1) Tha t‘inbo'*sin^ j>oint sljould bi^ 
abaudonoil for a jjrofos.s of oni^ravinuj— 
that is to say, instrad of tho 

registering surfaoo with a st\h*, as in 
the t>riginal phonograjdi, an (uitline 
.should be jiroduecd paralhd to the .sur¬ 
face of inscription. 

(-_) The best siihstanoe answt'iing all 
the requirements of the questum raisisl 
i>y engiavingby means of tlieslvlo, is 
beeswax liardened by ]>aiMlHu or stnne 
other similar substance. 



IMioiiogram und gnipliopLiriie. 


(3) To speak in*a liigh tone un¬ 
necessary, the on! inary tone giving llie 
he.st result.s, although the intensity of 
the sound produced does not excel that 
of the telephone. 

In Dr. Chichester, Dr. Bell, 

and C. S. Tairiter ttjok «iit a jKitent for 
engraving tJie phonogram and for the 
use of wax, and, as^ a lesult of their 
labours, jiroduced, in the spring of 1887, 
the grayhojihonc, tlie first if.‘Ml]y prac¬ 
tical apparatu.K of the }»honographio 
type, whiel) was exhibited at Wasliiug- 
iou. This instrument reproduced the 


voice with the intensity of a good 
telephone j Imt the di'forniations <lne to 
tlie engraving were great enough to 
ri-uder tlie A’-oice unrecognisable, unless 
the fancy was exercised, and one 
li.ui a prcAions acquaintaiiffi with tlie 
speaker. Tlie impression Avas obtained 
upon a cardboard cylinder covoreil Avith 
A\ax, As .soon as the grajdiophouc be¬ 
came known in America, Ellison, en¬ 
couraged liv tlie results obtained Avitli 
this m-.trunn*nt, recoinnieueed his cx- 
penmcul^ with the phouogra])h, and 
aftrr having tried the embossing point 
anew abandoned it tor the engraving, 
thus coiiiirming the acourai'v of the 
(oiuliiso'n of ]J(‘ll anil Taiiiter. The 
gr.i])hc|ihoiu* and tlie new phonograph 
of E<Iisim seemed then to ho jiractically 
the same inst rumeut, only did'ering iu 
ftOTH and the nature <d’ the motor 

U''i*d. 

Tile dilliciilties which the embossing 
lK»int prevnteil wmiid disappear, as 
Prof. 'I’lionison observed,^ »^iigj*urface 
(ouhl be tiyinid whose f^tance „to the ' 
embossing jioint w.is exactly ])ropor- 
tu'iiafe it) the ibqdii of tft*-. embossing. 
Ever} Dial confirmed the.^e conclusions, 
for the more one atienijitsto sjieakloud 
the more indistinct bec(»mes tlie articu- 
Jalion. It is necessary, then, to trace 
the vihratiims a'i in the old phonauto- 
gra]di of Scott, parallel, and lAot jier- 
I»en<licu]ar to the sheet, and to reduce to 
a iniuiimim tlie resistance (dfi’red by the 
substance engraA'ed. Berliner observed 
that l.imphlack Avas impracticable an«l 
insuflicient ; hut he saw that the greyish 
dejifisit of lampblack, prodiuMul by a 
kerosiiiP flame, gave a fimif line than 
tile tdiick dark (h'posit produced at the 
top of the same fiainc, and this obserAm- 
tion led iiim to previously grease the 
registering surface by ajqdying a layer 
t>f jtrinting ink or oil ]>aint by the aid 
of a roller or ahrush.^ The smoke tlien 
I gives a deposit of a fatty appearance, 

I and of such a consistence that if it is 
touched Avilh a style a fil'C line is pro¬ 
duced Avithout any Idistcr, cA'en when 
e.\amined with a tnicroscojiG. The 
jdionautogram olftained is then en¬ 
graved mecliauically, cncmically, or 
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|»Iiotn-(^heTiiirally. After iiumcnms at- 
tenipts, lierlinor lias an*i\i;(l at 
(■(.'.ss by ivhich a ro])r(Klurti<in can be 
ublaino^l in less than an hour (even in 
].*■»-UO luimitcs if necessary), and 
uhirli can .-me rwards be multiplied 
iiidetinitely by the clectrDtyping pro- 


and divided in front. E is a ]jicce of 
tube fitted into the division in 
H, and siijijKirtiiu^ the end of the style 
i\ which IS formed of a tlnn sheet of 
metal vihratiiij; on tw'o steel jdvo'is 
F. 1) is a pie<*(* of w ritiii<;-paper 
strcnf;tlioned hy a sprini; plate, the cud 
of which constitutes tln» irac- 



point, 'i'hcrc is a jucce of 
rnl)bev tube plaeed round the 
stvle t4) contiol its vibrations. 
11 is a dl^c of felt ]»l.iced be¬ 
tween the case of tlie dia- 
jdirapn and the di:ij*hrairin 
its.di, to ci'iitrol the siipeitlu- 
ous vi'orations and pnwent le- 
sfuiance. 'r]ie\\h<d(‘ is placeil 
upon a supj>orl 

Tlie apparatus rejiroiluciu" 
the wonis ol the speaker (Fi£^. 
I'JH) is ciuistiucled on tlie 
same ])lan. but is of ‘mailer 
ilnnensiim'v and iniU'c rii^id in 
tlie vibiatiniT parts. 1’iie end 
id’ the st\le consists of an 



Kegbtcring apparatuR. 


M'idiiini ]Miint, to aMud the 
wear caused hv continual rub- 
biUL^ witli tlio metal. 

Harder metals c^ivc a more 
iiuense sound than ^nbslatieps 
less res^istin^ or elastic, as 
rubber or plaster of Paris. 
The hard metals, such as 
cojiper, nickel, or bras*;, speak 
louder than zinc; but there 
is a griniliii^, unless the writ¬ 
ing surface is very binooth, 
and polisluMl with the greiitost 
care. Tins grinding is 
Kcavi'ely jieTcejdible on ])o- 
lished glass, and Hcrliuer 
hopes, by monbUng the regis¬ 
ters, to obtain an ciutlinc in 
relief which shall give in¬ 


tense soiimls with a miiii- 


cess, which Pcrlin^ Ciills the art of 
engraving the liunian voice tvith aqua- 
h»rtis, and wliich we call more simply 
l»hoiiogravure. 'The registering apjia- 
ratus (Fig. 120) consists of a ease K, 
"bich sorves to sujqjort the whole. 
'I he centre of tjie diaphragm A carries 
tv smttll brass cyliuder li riveted to it, 


mum of unnecessary noises. — (ia 
hiatur ^ 

Regulators .— A n ingonio n « elec- 
tric regulator, w hich w so simple that 
any amateur*l’an ctmslnu t it, an|} that, 
too, at little e,vjH’nse, has been devised 
by C. Poliak. A few .*511^11 piece.s of 
i wood, some brass, and 4 wires, are 
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all that is necossary for tho ronstnic- rorivspontlins; wire. At the other cx- 
tioii of a regulator wliirli will (i])f'rrit(* tn'inity they are jtToIoiiiTod by a .straight 
iu a very sati^faetory Tnanner. la atlHi- porti«ai (/, ainl a spiral foriniov a carbon 
I'ion to its ijrcat siinplit'ity, tlii*' lamp ht»hh'r. 

has llu‘ ailvantai^e oi‘ beiiicr basdl upon In (»r»h‘r th.vt the rarW?»ns may be 
an entirely luwv juinriple-’-tliat of tlie always kept <ipposito each other, the 
expaii'^iou of the wires that lead the displarenient td’tlie lu>ltler> is by 

current to the carbons uniler the in- a bt'nt wire c c' allixed to the board. 

The length of the lever 
arm is about 4 in., while 
tfie distance from thupoint 
id' attachineut of the 
wires a to the centre of 
the sju'ino is in., so 
that the inotKois are amp* 
hfied at the ratios of 1 to 5. 

iu a iiorniai state, tlie 
ili>tance of the carbon 
lioUlcrs is about in. 
When tlie carbons are put 
in, each IS made to project 
1 * in., so tiiat the hohiera 
have to be sjiaced 2J iu. 
ajiart, coi**i:,»Y'f1Tr»3ig to an 
elon'j;atioh of abo<ut J in. 
of th(! wirt^s a a\ Jf, at 
tiiis moment:, tlie lamp be 
interposed in an U'^ctric 
circuit', the current will 
}>ass into these wires and 
heat them, and the springs 
1>eing thereby bent back 
the carbons will tend to 
Bppavato, and an arc will 
Ilegulutor. form, 'file length of the 

latter will be determined 

fluence of the said current and its by tbo condition that the tensions of 
variations, the same part MU ving at the the springs nial wires balance each 
same time for the lighting <»r formation other for the corre-spondiug strength 
of the arc., and' for regulation iu of the current; for, us thl regulation 
measure as the c:»rb(nis wear away. is made in series, and boars on the 

Kig. 130 shows tlie first of these :ij)pa- eurrent, we ought naturally to group 
ratus that was constructed, and will , these lamps iu derivation, 
casil}'allow the operatiem to I>e under- ■ Iu measure as the carbons wear 
stood. Along a hoard f, about (1 ft, away, the j’esistaiH’c of <lie arc increases, 
long, are stretchesd 2 brass w'lres a a', the <'urreiit diminiskes, ami tlie wires 
iu. diameter. 'jyie‘'C are fi,\etl at the contract, allowing the sjirings to carry 
U))]ier part to the 2 terminals of tlie back the carbfins. It i.s easy to see, and 
lamp, and kcj*t taut below by the ex]ieriment shows it, that the current 
action |d* double spiral fprings h b\ i tends to diminish slow'iy in measure ns 
These latter are formed of simple brass the lamp burns. .Such graduahdiininu- 
w'irc, and are fixed at the side of the 1 ion in luminous intciiait)ioffers scarcely 
board, and form in the centre a lateral any inconvenience in a lamp of this 
a|)peudagc, to which is soldered the ki4d, With the divisions inditat^^ 
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the hiinp will operate for about 3 
hours. 

The diameter of vL iti. for the re^u- 
biting wiress is dctermiiieti by the value 
of tlie currtr*t adopted, 5 amperes ; aiul 
th'e condition that the temperature of 
the wire be relatively high, about C. 
It tlie temjierature is too low, the regu¬ 
lation will be ellected too slowly; and 
if it is too high, the elasticity of tlie 
wire will be destroyed, and the latter 
will elongate ])crm:iueutly under the 
action of its spring. 

The temperature of 120® C, has been 
c.ijciilated by means of the well-known 
formula— 

TirT" 

ir'^ t h J 

wliere i is the elevation of temperature, 
Ji the speeitie resi'.taneo, i the current, 
ft the coedicient of regulation (0’0UO2), 
i/the diameter of tlie wire, and J the 
mechaiy.*<ii..friuivaient of heat. 

• The ^ngth here figure expli¬ 

citly,bulit in facttleterniines the current, 
Jn order to I#ep tlie latter constant by 
dimijj^sliiug the length, it is necessary 
to increase by so much the projxirtion 
of iinipliiication of the levers, and this 
has been done in a later model of 
smaller dimensions. If, with the same 
temperature, we de.sire to modify this 
current, it will suflice to shunt the 
regulating wires by properly calculated 
auxiliary resistances. 

The ambient temperature ]days an 
important ro/e, since it moriific.s the 
initial tension of the wires. To get free 
from this ^nliueucc, which in certain 
cases would necessitate a different regu¬ 
lation for each temperature, it sutlices 
to replace the wood by a frame of the 
same metal as the wires a. Tollak h.is 
likewise adapted his system to lamps 
rcgulatabic in dei^vation, with vertical 
carbons, by makiug the regulating wire 
act upon a ring brake that allows the 
upper carbon* to slide .—{^La Lumicrc 
Klectriquc). 

StOi;ag^d*—Got 2,hair-round pomus 
cups and a ro^nd glass jar large enough 
lor the 2 jiorous cujis to stand in up** 
Get 2 plates of sheet lead im 


thick, wide enough to fit the half-round 
side of the jmrous cuj>s and decj) enough 
to come an inch or so above the toji edge 
of the cups and jar. Solder a stout 
copper wire or a screw post to each lead 
jdati* at th(‘ top. I*lace the lead plates 
in the cups, an<l fill tlie cups nearly full 
witli a paste made of red lead mixed 
with a solution td' sulphate of soda thin 
enough to run like a cement. The glass 
jar containing the cups should be tilled 
to within .> 111 . of top of cups with sul¬ 
phuric acid and water, about 1 ]tart acid 
and 8 of Avater. One plate should be 
marked X, so that, in charging, the 
ciinvnts AAill be correctly connected. 
This may be charged by attacliing to a 
series of 12 sulphate of copper cells for 
24 hours, or from a dynanm. It should 
always be charged in same direction, 
and it Avill improA'c by repealed charg¬ 
ings, A wooden cover may be fitted to 
the glass jar, and CA’^ajiorution of the 
fluid should be replenished by adding 
w'ater. Two or more cells of this 
battery will W'ork small motors, lamps, 
and induction coils, and if thoroughly 
charged will retain a large volume of 
electricity for considerable time. After 
once lieing well charged, 4-6 ccdls of 
sul]ihate of copjwr battery will recharge 
it.— iJl, vf the Telv</raph,) 

deferring to the main objection in 
storage batteries—that storage in¬ 
volves a loss of sonic 50 per cent.— 
Prof, Lodge says there are many cases 
Avliere the convenience of storage out¬ 
weighs the evil of W'aste altogether, ns, 
e. g. (1) where the pow'er of the source 
Avould be otherw ifb so completely 
wasted that every fraction of it stored 
is clear gain —terrestial water-power 
for instance; (2) where regularity and 
continuity of supply are needed, while 
the source of power is irregular and 
fitful—wind and wave power; (3) 
W'here the availalde source is weak but 
continuous, wliile the supidy is needed 
only for a short time at intervals— 
small watel-iM>\ver for instam^p, or a 
small steam-engine which can be used 
during the daytime to store up a sujiply 
of current for light at night. The 
following remarks on what may be 




18G 


ELKCTRICS. 


termed the ])rfictieal history of st(»rai^o 
hatieries will he useful to iiianv, but 
there arc not a few electriciaus who 
will ask whether, after all, Plante’s 
old form of secondary battery is nut 
quite, as useful as any of the newer and 
]iatente(i forms. 

The first form of manufacture con¬ 
sisted in rolliiii^ n|» sheets of lead ami 
(‘omposifiou with tnm.serimj^ to keep 
them separate. The dilliculties found 
were that the coatin<j;s would not 
adhere, but became detache<l in lariro 
Hakes; that the troiiserini^ j^ot corroiled 
thronijh and permitted short circiiitini^ ; 
and that, iree circulation of iluid heinj^ 
impossible, the acid became exhausted 
in some places and roin*entrate 1 at 
others, and thus every sort of irreiru- 
larity boirau, Kow rei^ularity <u' uni¬ 
formity is of tlie nmst vital and funda¬ 
mental imjjortance in any form of 
battery. If auv jiart ctf a j)late is 
inactive, that part is better away; if 
any plate in a cell is inactive, it is 
better away; and if any cells of a 
battery are inactive, they are infinitely 
better away. The rollini; or coilin'^ up 
of the sheets lieinnj found awkward in 
practice, and liable to detach the coat¬ 
ings, flat ])lates came to be used, then 
perforated plates, and then cast grids; 
these last having such large hole sjja^ e 
that they held enough composition, 
and held it securely enough, to enable 
the trou'iering or intermediate imjtous 
material to he dispensed with. This 
was an evident step in aiivance ; free 
circulation of tlie liquid became i*ossible, 
and could be assisted by stirring; there 
was nothing to corAde except the jdates 
themselves, and the coinpositum, being 
in the cells or boles of tlie grid, might 
be reasonably expected to adhere. So 
far, expectation was not altogether 
belied. The adhesion was not perfect, 
it "Was true, and jiieces of composition 
sometimes fell out of Jhe holes, especially 
if too powerful currents were passed 
tlirough the cell, hut still it was much 
better t|jan it had been; #ind if the 
plates wore lilJed, properly formed, and 
fairly treated, the composition adhered 
extremely well and securely. The cir¬ 


culation of the liquid was not auto¬ 
matically pi^rfect either, Imt mechanieal 
agitatiiin could he readily applied; 
without it the acid near the bottom of 
the eells tended to become more con¬ 
centrated than that near the to]>, not 
bv reason of gravitation undoing diirii- 
sion, wdiich is impossible, hut because 
iluring each charging fresh acid is 
formed, and in Jiveat part falls to the 
bottom in visible streams. Another 
great advantage was that some amount 
of inspection of the plates became pos¬ 
sible, and e\perien(;e as to the aiduul 
heiiaviour and ap)M‘araueG of the plates 
began to he accumulated, 

'l‘he main ddIi<*ultY uow ex])erienced 
was how to keep the plates from toticii- 
ing. They miglit he put in wooden 
frames, or elastic bands might he 
stretched round each of them, and if 
they would oulv keep Hat it was im¬ 
pose ble they should touch unless the 
composition should drop out of the 
holes. Sometmu's the did 

droj) out of a hole, amt bridge .across 
the interval between t>vo jdates, but 
the more common and '’^uorc fatal 
experience was that the plates x^^uld 
not keep straight. In a few months 
the positives were found to swell, and 
as they swelled to buckle—^to buckle 
and twist into every variety of form, so 
that elastic bands, wooden frames, and 
every other contrivance failed altogether 
to prevent short-circuiting. The cause 
of the buckling is of <M>urse irregular 
and one-sided swelling, and the cause of 
swelling is apparently the gra'lual per¬ 
oxidation and siilphatingof the material 
of the bars of the lead g^-id, which 
occupy less room as metallic lend than 
as oxide. As the bars swell they press 
on the inclosed composition, occasionally 
<1 riving it out, but more frequently, 
and with properly made and treated 
plates universally, distending them¬ 
selves and stretching the whole medial 
portion of the plate. The edge or frame 
of the grul is stronger thhn the middle 
bars, and is not so easily stretched; in 
a good and iniiforpdy worked plate it 
does stretch, and an old ]>ogjtivc plate is 
some ^ in. bigger every way than a uew 
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one, l)ut. if one face of tlie is a 

trifle more active than the (itlicr, it is 
\cry plain tliat the most active side 
will tend to 1)e<'onie convex; and hnek- 
li?n^ <»nce hei^nn very comIv goes on, 
'I'o cure it tw* 0 ]i]»osite jdans liave been 
tried : one is to leave the plates as free 
and unconstrained as jmssilde, Iianging 
free it may he from two ]M»in|s, tliin, 
and with crinkled or crimped margins 
to alUiw for expansion ; the other is to 
make them tliick and strong, with 
]'!entirnl ribs for stiiluess, ninl besides to 
clamp them n]> to one another as ti^rlitly 
as may be, and thus in mechanical wavs 

• ' j 

to resist biiekliiig and distortion. 1 do 
not know that aiivone (*onld sav lor 
certain beforciiand wine h of these two 
plans Would be likely to answer Inist, 
iait prattiee is bemninng to re]»Iy in 
favour of the latter, and well-braced 
j»latos of fair tlnckness show no uu- 
nianageahle tendency to buckle. It 
must be remembercil that no material 
can buc^li-%’>'ifli a farce greater tlian 
^iiat nec^'ss.ary ti.‘ViTMJWe it to tlatness, 
aiul this force in fiie ease of lead is very 
moderate. ll^rice it may lie fairly lu»]ied 
tooveyoine and rc.straiii all cxiilier.anees 
^ |jy suitalilc clnmjis and guides arranged 
so as to permit flat and ev<‘n growth, 
but to cheek all lateral war]>nigs .and 
exeresi-enees, 

L'ixifonnity of aetioii is still essential, 
especially if all the plates in a cell arc 
elamjied together. Plates merhanically 
treated alike* ought to be clectricitlly 
so treated also, and it is im])ossibIe to 
keep a set of jdates working sjUisfac- 
torily togeilier imle.ss the conlact of 
each is thoroughly ami equally good, so 
that each may receive its fair share of 
current. Defects of contact have been 
a fruitful source of breakdown and 
irregularity. Clamps and screws of 
every variety have been tried, l>ut the 
in.sidioua corrodinpii action of nascent 
oxygon exerted through tlie film of 
nci<i whicli by sjiray and creeping forms 
and concentratt*s on the lugs—this 
corroding action crawls between tlie 
<‘1aniped surfaces, gradgally destroys all 
l»erfei*t oontact^and sometimes produces 
utmost complete insulation. Contacts 


on the negative plati*'^ give }>ut little 
trouble; contacts on the positives have 
taxed a great amount of patience. Load 
contacts “burned,” i. c. melted, not 
boldered on. arc cvitlently less lialile to 
corro'-iou than brass or copper fittiugc, 
or than any form of<'lainp, Init they are 
apt to be somewliat cluinsy if <if sulli- 
cu*nt eondiicln'ity, and moreover thev 
arc awkw aril to undo again, and i'ome- 
wliat troubl<?''ome to do. However tiiey 
haw prox'fil tlieniselves so decidedly the 
bc.^t that now no other contacts will bo 
ust'il, and their reintrodnetion 1ms been 
ftdlowcd by a niarketl improvement in 
llie liehavioiir of the cell>. »So long as 
cdiitact w'lUi one plate was belter than 
witii another, a thini; quite ]iossible to 
hajipen without any diflereuee being 
jierceptiblo to the e\e, so long was it 
po^'Sihle for one or tw'o plates to remain 
almo"-t xvholly inactive while another 
one or tw'o received far more than tlieir 
share of current, and became distended, 
warped, overcharged, and ultimately 
crumbled away. If one or two plates 
in a cell are bla<‘k, and giving off 
ton cuts <if gas, while the rest are 
brown and idi(‘-lookmg, it is pretty fair 
e\ideuco (if irregular and iiisutlicient 
Ci'Utnct, or eKi* of .some great dis¬ 
crepancy in the age or make of tlie 
plates. Tliis point abo is one that was 
not atteniied to in the early stages of 
manufacture; ])lates xvere made for 
stock, and cells w'cre made up with 
jdates of all agis sideeted at random 
from the store. Directly uniformitv is 

» m 

jH*rceived to he er>s(*i)tial, this is re- 
cognise<l as obviously bad. Plates 
intended to work together should he 
of the same age and make ; and, inas¬ 
much as kecjVmg does mit imjirove them, 
the best plan not to make for stork, 
but to keep mati-rial ready, and then 
quickly make uji as wanted, I’lates in 
w'ork deteriorate slowly, but they are 
w’oaring out in the fulfilment of their 
jiroper function ; jilates in idleness de¬ 
teriorate as quickly, and they are nist- 
in<^ out in fitifilment of no function at 
all. Worn-out plates, lunvover, are by 
no means valueless. Lead material has 
a welDrecoguiscd price, and if attention 
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wore to the subject, it is ]U'ul»jif>le 

that decrepit and U'^eless jiiati'S ini^dit 
he made to yiehl a Aory ]ar 2 ;e ])er- 
centago, if not the whole, of their j 
original Ji'ad. For it must l>e re- 
ineinhereil that plates deteriorate not 
by waste hut by accretion: an old' 
jiliito contains as much lead as a new ; 
one, liut it contains it with the addition j 
of oxvi^en ami sulphur; no loiii^er a j 
tenacious coherent frame, but a cruni- ! 
blini; mass of incoherent powder. | 

The ai^o of ]il:ites is a point of vital i 
interest, though but little is known as i 
to the possibilities in this din^ciion at ; 
present. A year may he rei^arded as a 
fair averai^e ai^e at the present time; 
but this is a low rather than a hiv^h 
estimate. Thick plates are found to 
last far luntrer than thin, which is only 
natural when it is retnemhered that the 
wearing; out ia due to corn»sion, that ' 
corrosion proceeds mainly from the 
surface inw'ards, and that the internal 
portions of a thick plate are to a threat 
extent protected by the mass of super¬ 
incumbent material. If it can be showm, I 
as we understand it can (1), lliat the | 
coiit of materials is far more tliaii the 
cost of mannfa^’ture; (2) that the 
worn-out material has a market value 
not incomparably less than the original; 
and (d) that the frequency wdtli which 
plates have to be renewed is not such as 
to cause much inconvenience ; then w’c 
hold that the first sta^^e of the dura¬ 
bility dilTiculty has been overcome. 
Much more may he hoped for in this 
direction as experience increases, and it j 
is not extravagant to hope that a well- 
ribbed, jiroperly-clnmped, and fairly- 
treated thick jdate may last as long as 
5 years before it becomes disintegrated, 

Jt is evident, however, that in a 
region where pure cxperimoiit is pre¬ 
eminent, and where the units of time 
lire months and years, instead of liours 
and days, the accumulation of ex- 
pf^rience is a slow and tedious process, 
it is n(^<use making stateniBiits involv¬ 
ing periods of 5 years when no one has 
had the present improved form in use 
for so much as 6 months. Nevertheless 
it is possible to see that the present cells 


are better than their predecessors; and 
as their predece.ssors have bistcMl in good 
Condition for a yoarainl more, it is not 
presumptuous to indulge in weil- 
ibuniied hope.s. Many of difllcuities 
Connected with the early forms of 
battery Avere aggravateil by Utojdan 
notions concerning interUiil resistance 
and compaetne’^s. The internal resist¬ 
ance of a cell was so beautifully small, 
that the manufacturers Avere tempted 
to dimiiiisli it still further by putting 
the plates far too close together. J or 
in. interval is Avell enough if the 
platen had been hard rigid slabs of 
perfect tlatness; hut it was madness to 
pack flexible leal ]>lates full of compo¬ 
sition certain to swell and liable to 
drop out so near together as this. 
Security and dependableness Avere 
sacrifii'ed to a natural desire for sudden 
and Utopian perfection. We mayhojic 
that these les.*>ous hav'e been profited 
by, and that the mannfa^djj^iui^ perceive 
that confidence **.. I Veourity j^rc the' 
lir^t condition^ of suci’e.^s, and that 
ininutiic a.s to the numbl>* of naughts 
before the significant figures iy, the 
speidfication of resistance begin, though 
those also are of iinjiurtance in their 
turn, are yet of quite hccondaiy con¬ 
sideration. Moreover, this packing of 
the jdates so closely did not really do 
much to secure the result desircMl; the 
greater part of the resistance of half 
run-down culls is not in the liquid 
between the plates, but in the surface 
or scum separating each plate, and 
esjiecially each negatiA'c plate, from the 
liquid, and hence putting plates a 
safe distance, say J or -J in. apart, exerts 
an effect on the total resistance Avhich i.s 
certainly far more than compensated by 
the ready o])portunity thus alTorded for 
ac<‘oss by both siglit ami touch. The 
old opaque boxes, clyike full of plates, 
with slight rubber hands between them, 
Avere started and left to Provddenre, 
No one could see Avhftt Avent on, nor 
could one readily get at anything to 
rectify what Avaij Avrong. In d-he pre¬ 
sent glass boxes proper^ arranged on 
accessible shelves, with only plugs or 
studs between the plntes, clear rision 
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t.hrr>ugh the cell in any direct ion is 
easy, and accidental ol)struction not 
only very seldom occurs Imt if it does 
it can without diiliiulty be seen and 
removed. it musl be i^rantcd that 

these boxes are less coinj^act than their 
]>redeces8ors, and for some pnr})oses, 
such as locomotion, compactness is of 
tlio first imj>ortanci'. 

Wc have S])()ken mainly of diiTieullies 
connected with the j>ositive jdates, and 
have said nothinsj coni-erning^ the 
tives. It is n4>t that these are not 
susceptible of improvement, but their 
faults have been of a less imperious and 
obtrusive nature. They are not }»erfert, 
but they do fairly well, and there has 
l>eeu little need to w(»rry much ahout 
tliem until the extraordinary beliavioiir 
of positives had been taken in liand and 
cheeked. The liin<‘ is ciunini; to attend 
to tliese also. They fail mtt from ex¬ 
uberance, but from inertness. As they 
grow *il<N*''«w 4o md. swell, and >\aq>, 
* and bi^st, and ci'uVnnTe, like the ]M)si- 
tives, but they grmv (juieily hoary, and 
serenely de^y. The composition in a 
workout negative consists of wliile 
sulphate through and through, but the 
frame remains intact, and it consc- 
(juontly never fiills to pieces, nor <l*jes 
it swell. Impurities in the acid used 
tell upon a negative plate—nitric acid 
is fatal. Acid much too weak or very 
much too strong is also deleterious, and 
idleness is bad. The diilicultics con¬ 
nected with negatives mostly depend 
on their aggravating property of always 
requiring a quite opposite treatment to 
positives. •The less a positive is formed 
and ovcr<diarged the better, A negative 
delights in complete formation and fre¬ 
quent overcharge. In recognition of 
this it is now customary to form them 
sejmrately and to give the negative a 
thorough dose «f hydrogen without 
commencing the corrosion of the posi¬ 
tive by an overdose of oxygen. When 
the discharge*froni a cell begins to Hag, 
it is the resisting scum of sulphate that 
has formed over the negative plate 
which is reiponsible for the (lagging. 
The true of a cell is wonderfully 

confftant throughout the whole* dis¬ 


charge; but tliO internal rcisisluncc is 
nil the time increasing, at first verv 
slowly, ultimately, tov^ards the end, 
ujtharush. One such riin-dow n cell 
in the midst t»f a lot of others tlicjcfure 
obstructs the current terribly. If only 
a series of cells couhl, with certainty, 
be made to work together uuiformlv, if 
a series of cells c(mld behave as well as 
some of the cells in it, no mu: would 
have cause to conijtlaiu.—(A'n/urc.) 

Kejieated expenments have shown 
tliat the capacity of a secondary battery 
cell varies with the rate at which it is 
charged and dischargeti. For instance, 
a ceil, such as used on street cars, grive 
a useful capacity of in? *11 amjHTc hours 
when discharged at the average rate of 
45 *70 amju'ivs, and iliis same cell 
yieliled li>G*58 ampere hours wlieii 
worked at the rate of 22'34 amperes. 
At the commcncemeut of the discharge 
the electro-motive force of the battcrv 
was 2'1 volts, and this was allowed to 
drop to 1'87 volts wlien tlie experiment 
was concluded. The entire active 
material contained in the {dates of one 
cell weighed 11‘5 lb., therefore, the 
energy given otf i>er lb. of active suh- 
slaiice at the above high rate of dis¬ 
charge W'us (>2‘225 ft.-lb., and when 
di*4. barging at the lower rate of 22*34 
aulp^l'es, the available useful energy 
w'aH72'313 ft.-lb., or nearly 2*2 electri¬ 
cal II.I*, per lb, of active matter. But 
this active substance has to he supported, 
and the strength or weight of the su]>- 
port has to be made suHtcieiilly great 
to give the plate a definite strength and 
durability. The sujtport of the plates, 
inclusive of the terminals above reforied 
to, weighs more than the active 
material, which consists of pero.\ide of 
lead and spongy lead, so that the plates 
of one cell weigh actually 26 ‘5 lb.; add 
to this the receptacle and acid, and you 
get a total of about 41 lb. per cell when 
in working order.* 70 of these cells 
will projjcl au ordinary street car for 
4^ hours, whilst consuming tjie stored 
energy at the rate of 30 amperes, or 
over 5*6 electrical H.P. The whole 
set of 70 cells weighs 2,870 lb,, which is 
barely J- of the entire weight of the car 
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yvhm it carries 40 atlult ]);isscng<»rs ; j 
thrronire, tho t*nor<;y ^va^tl‘ll in projicl- 
ling the accumulator ahnu^ with a car 
does not amount to more than 20 ptM* 
cent, of the total power, and liiis can he 
atTonled so lonij as animal power is the 
only competitor. From luiinerous and 
cxhausli\e tests witii accuinulator cars 
in this country and abroad, 1 liave (*ome 
to tlie oonelu.sioii that the motive j)ower 
lor hauling a full-si>Eed street car for 
15 hours a day docs not exc<*cd 7s., 
and this includes fuel, water,oil, attend¬ 
ance, and repairs to engine, boihT, ainl 

dynamo. We have thus an immense 

• 

margin left hidw'ecu the cost of eh?ctrio 
traction and horse traction; and liic 
lust ohjectum, that relating to the 
depreciation of the hattei y plates < an 
be mo.it liberally met, ami \ct Iimvc 
ample profits over 1iH> oM metliod of 
projmlsiou by means of animals. 
(Uc*ckeuzaun.) 

Telepliones. — (ix) A good working 
teleplione may be made ai follows:— 
lilakc 2 tin drums (> in. diameter ami 
4 in. (!ec]>. They should have a heavv 
wire formed in same as gal. tup. The 
wire should not he b‘s.i then N‘o. ih 
Take raw hide that ha^ been divestefl of 
hair, stretch it over the dn;m whilt: 
wet, and bind it on with a small Avire; 
let it remain till perfectly dry. A 
T'eiy thin hide, .such as .st^uirrcl, cat, 
cuoii, is the best. Thirk hide will ii(»t 
work well. Nt)w to erect your drum, 
wire, &c.; having set your jiosls and 
}iut up your inMiiatt»rs, Avhich may be 
made of wire amW.iUS)»emle<l tVom arms 
which have been iiuiltMi tti the ]>osts, 
bore a holt* in the wall wlit^'e the drum 
is to he placed, run the wire thrtmgh 
your drum and through the raw hide in 
the centre, having a button ready. 
I^lss the Avirc through the eye of the 
button and back through the drum 
and twist tightly, letting the button 
go, resting it on the hide. Put up the 
W'ire at^^the diflerent insuyitors (string 
loop su.spenders) till it reaches the 
other end of the lino; then proceed to 
do as at first. If the wire has been 
properly stretched, and all the work 
has been done as it should have been 


done, you will have a good and cheap 
tclepiionc. Ko. 18 copper Avirc for 
main line .sliould bo u.mmI. (^Amn'ican 
Arfmtn.) r 

(/>) I have bi*cn for some time engaged 
in endeavouring to arrange a iLdejdunie 
.switch-board and Udejdnme traiibmitter, 
Avliicli sliould be .simple, easy of con- 
^trllctl(fU, ellecdivc in operation, and 
not an infringemeut of any patent. 1 
believe that 1 have fully succeeded in 
all these objects; a patent for the ar¬ 
rangement could only be valid as for a 
{ particular conibiiiatiou of ])arts, aud as 
I the Combination of parts is siisce]itible 
<tf so many variations a ]iatcnt would be 
piactically ustde.si. The following de- 
srnpti<ui will enable any amateur to 
imike them:— 

iStrtlf'/fliu tt'iL —Take a jiicce of 
maliogauy H in. by 4 in. by 1 in., plane it 
up and varnish it. On the top, at a 
di.staiKC of 3 in. froi^j^^y^tQ 3 >, fix 7 
term nals, J III. apsih c. These vre nunf- 
bered in Kig. l.'i 1,1, 2, 4, 5, 0, 7, and arc 

for I he following connect^ n.s: 1 2 .‘> are 
connected together by tlie brass ^date as 
shown ; 1 is coUMcctcd to the return , 
line or earth wdre; 2 to the zinc pol^* 
of tlie battery; 8 and 4 to the bell 
wires; 5 to the carbon pole of the first 
cell; G to tlie carbon ]m>1c of the last 
cell; and 7 to the line wire. Pisa 
strip of brass with the knob K at the 
lower end ; it is secured by 2 screws at 
tbc upper end, and is then bout upwards 
.so ns to press against tlie brhlge I*, 
which is a strip of bra-js sccureil by the 
screws at each end, eacli oftvhich screws 
jiasses tbroilgh a piece of brass tulie 
whicli kecp.s the plate li about J in. from 
the board. The piece P is connected by 
a wire underneath the board (all the con¬ 
nections are made underneath), Avith 
the terminal Ecrew Under the knob 
K is a screw Avith a flattened head, 
which is connected with terminal screw 
6; this constitutes the rfuging key. H is 
a piece of Uin. brass rod witli the hook at 
the bottom, and .the round brass disc I> 
about I in. diameter, solt^red about | in. 
from the upper end; this rod works 
freely up and down through tka two 
pieces of angle brass A. S is a spiral 
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Sprint^ of brass wire whiih, when thr (Uy D and tbe other aj^aiust the \i)»]>er 
telophone is olT the ]jot>k, causes an;j:]e brass A. When the telephone is 

this rod to rise, and the disc- 1) then (»n the liook, the djsc 1> rests t>n tlie 
presses th<j^ thin )»iece.s of hammer- piere of brass U, wlnrli acts as a contact 
hardened brass C against tbe npjter ami as a sto]>. The total play allowed 

to T> is about in.; tbe 
lower angle brass A is con¬ 
nected witii tile bridge’li; tlie 
jdece of brass U is <*onnect«'d 
with tlie terminal 4; and the 
thin piece of brass M with the 
upper hinge. T and T* are 
brass screws to which theilex- 
ible wires of tlie tele}>hone 
receiver are attached; '1' is 
connected witli terminal 
and T* with the lower liinge. 
W is merely a j)ie(’e of ma- 
liogany ti> winch the pieces 
C and K are attached. 

We now re<{uin’ a square 
frame of \ in. mahogany, 
4 in. square in outside men- 
sureinent, and in, deep; 
apertures are cut in the 
hottoni side of this to allow 
the rod ]] and llie ringing 
key r to move fnely. This 
case is attached tt) the hinges 
marked, and w itli a face piece 
iifpjue alanit J in. tliick, boxes 
nji the wliole of tlie a]»pa- 
ratus, leaving onl\ li in. of the 
board at the top, and the 
same at the bottom uii- 
<*o\ered; a small plate of 
l)rass is s<'rcweil to this bov 
opp( site i4t the hinges, and 
one screw^ into tlie sw'it<*h- 
board jirevents the box from 
being opened, 

Tti the centre of this jdece 
of pine the nncrojihoru! trans¬ 
mitter shown in Fig. 1311 is 
attached. 

This inicrojdmne * is thus 
oonstruct^d :—'fake a piece of 
pine about in. thick, J in. 
wiiie, and 1 j* in. long pvinove 
[iih’t of one edge so asrto leave 
angle Krass A. In border to ensure a a projection ns shown, and about in. 
good contactf this strip of brass C is deep ami in. square, by which it is 
slightly canted at the end so as to.give attached to the centre of the pine face of 
two^Srubbing contacts, one against the the box ; put a sawcut down Wirough il 


lai. 
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to within about in. from the bottom. 
Take two pieties of ^ in. carbon rod, K, 
in. long, and cut a recess in the middle of 
each half-way through, and a little more 
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brass, and then setiurd the cHrbons by 
screws to the piece of pine as shown 
in K. These ])ieces of enrhon should 
be parallel, level, and a little less thau-]^ 
in. apart ; tiie wive from one 
carbon is taken to fho toj* hinge, 
and from the other to the bottom 
hinge. Some of the carbon rods 
ii«*w sold have a coating of glaze, 
which is almost a non-conductor. 
Always remove this with emery- 
paper. This piece of pine with 
the carbons attaclied is now 
screwed to the centre of the pine 
cover of the boi, and care must 
be taken that it does not toucli 
anywhere else, and is not touched 
by anything. The microphone is 
com]deted by making two small 
conical pieces of carbon N, as 
shown, with a small hole in the 
centre of each ; a hudfer match 
or other small jdecc ot light woo<l 
is then filed or sand-papered 
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Microt^hone transniitter. 

than ^ in. wide ; drill a small hole in 
the miudle of each recess; 4cnd a narrow 
piece of very thin sheet brass over the 
top of each arm or leg of the piece of 
pine; solder a wire to each piece of 


down 


I 


sni.fll as 


knitting-needle, and wil? just go 
into the holes in th^ carbon cones. 
In one carbon cone! put a jiieco 
of this wood about J in. lod^g, and 
in the other ..arbon cone a piece 
about > in. long, and round the 
bottom of each 4>f those pieces of 
wood put a small ring of lead 
wire; they are then put in posi- 
tbiU on the carbon r<»ds, and aj»- 
poar as shown in Fig. 1.‘12, end 
view, where E is one of the hori¬ 
zontal pieces of carbon rotl, and 
N the carbon cones; they should 
oscillate freely. Cut these carbon 
cones from in. ro&l 

I have long been of opinion that 
the hard carbon microphone 
works by make-and-break as com¬ 
pletely as the Morse tapping key, 
and that the suggestions as to 
minute arcs,* &c,, were unwar¬ 
ranted by facts. I have also 
satisfied myself t^at the Bell telc- 
])honL or my clear-speaking telephone, 
and certainly the latter, will reproduce 
human speech when actuated by an 
intermittent current, Ktr current of 
sudden impulses, and that 4hc idea that 
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wliat IJoll dos('ril>tJs as an undulatory 
current is ftssctitial to the reproduction 
of lininau P]iec(*h, is altoijether unten- 
alde. 1 wanted to get rid of tin; spark 
so often sern^in a niif^roj^houe when a 
str<»ng buttery is used, and winch lia> 
been the snt»j<Mt ot so nnirh learned 
writing:. 1 Ijelieved tl*at thi^hpark axU'. 
nnreU due to the well-known ‘’e\fiu 
cm lent/* and 1 <ieternnned to try the 
plan that ha-' tor very innny years ho<*n 
HI use for iLCettinsj; rid of the s])aik at 
the ((-ntaels of elei'trie. c!ocL,s an 1 
otln r .ippaiatus. 1 theiefore made a 
resfst.mi e cinl of h t ft. of Nt*. .'>il 
K.W.ti t icrman-Ml V er .silk-etivi-red wiie, 
A\h](‘|j t;i\es a vosistance of little nune 
than lUtt ohms. I eouneeted the ends 
ofthis j esistanee coil to the two him;':.-*; 
no s]»ark is j'crceptilde, ami the artuii- 
i.ition with iiiv clcnr-sj>eakinj; telephone 
as a receiver, is nearly jieifeci a^ 
anytliiiii^ I have mot witli in the tele- 
plnnie line, 'jhisj^oil is fastened iii'^ide 
l^e case^ahove Ine*hy a Moali 

I do not jrlvi'^e the O'^e tif indne- 
tjon with tinn-'iiiitteis, and the 

ahovo^deseribed sw itch-board nmst be 
siltered and made more coinplieated if 
thvy are used ; but the arrangement is 
snded for anv gootl n‘cci\cr. in con- 
neclinj; lip two statiems, it will, of 
eonrse, be reineinboroil that the batten 
eonnecti(H3s at inie station must b** 
reversed; that is, the carlfoii wire 
attached where 1 have directeil the ziii<' 
W’ire to be altaclied, and the zinc wir*' 
■'dtached wlicre 1 have directed tlie 
carhon. ^ 

For battery ])ow’er, I find that llie 
battery require.d to riii" a fairly £!;o(mI 
ordinary hell works this nrram^ement 
noil; thus, if two Lcclauche cells rinj; 
file ordinary bell nicely, then put one 
heclancho cell at e^ch vmwI cd’ the line 
in cirenit with tlie, telejdione ; if three 
Leclanclic cells are required to rin;j the 
M\j then put two cells at one end of the 
line, and one cell at the other end in 
circuit with tlie telephonic. 

I have omitted to mention that out¬ 
side the pine cover to w'hich the micn*- 
rhonc^rausmittc): is flxed, I jscrew by 


its 4 corners a piece of cork in. 
square and about J in. thick, with 
a J in. hole punclied out of-the centre. 
This damjis all the souikI vibrations, 
except where they are alone required, 
that js, in the centre wliero Ihe, micro¬ 
phone i^ atta* hed, and is a great 
improvement. 

»*^iinpluit} and cflicicnoy I liave alone 
had ill view, and I believe that anvone, 
amalMir or jirofussnmal, wlm mav trv 
tills :ii i.iiii^i'inent will sav tint I have 
lullv siiccvrded ; wlnl.d t<'C(ht, this 
s\\ It eli-hoai d and transmitter eaii he 
made and sold w it h a fair Ij adc ju'oiil f ir 
ahout J.').*?. (II. II. 'P. StrauLCways). 

Welding*.- —{(t) The liisiiiry of elec¬ 
tric welding exteinis over a mncii longer 
jioriotl of time than is generally .sup- 
]iosed. Simie years ago, rrof, hlihu 
'J’homson, among e\]>enments by W’hich 
he intended It) prove the .substantially 
identical nature of eleclncal energy 
umler any and all circumstances, re- 
■\ er-'e<l an ordin.irv Uuhmkorf induction 

•r 

<oil, showing theiM'hv the ihlVereni'o of 
* « 

potential between the current in the 
j)rimary and that in tlie hci'oiulary of 
llu‘ t oll, in ]»erfniming this experiment 
lie brought the terminals of tin* cuarMi 
seiendaiy winding of tlie coil into 
coiitatl, and was surjtrJscd to notice 
that a high degree of temperature was 
reucheil in-tantaneonsly at the point of 
(*ontai*t—in fact, such .a high degree of 
heat that the eiels were stuck quite, 
liimly logetlier, tin* copper wire being 
actnaliy melted, so that it rcijuired 
considerable force to separate tliein. 
l.ater, in the course ^f manufacturing 
I'lectric-lighting apparatus, it became 
an imperative necessity to discover 
some means of having more perfect 
Joints in copper wire than could then 
be oiitained. Then his mind reverted 
to the <dd cAporiment, and (dectric 
welding bv*camc an a-'Snreil art. This 
discovery was made several years jirior 
to the building of a welding machine. 
Subsequently Prof. Thomson deigned 
ami built a small mncliinc with which 
to weld fine wdres. Thu cxjioriments 
with this aptiaratus w'ere so successful 
tiiat the inventor decided to build larger 

O 
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and better npparatus, and oxporiinont 
furMu'r witJ* a view to welding, if 
possible, much lancer ]>i('ccs of niefal. 
These oxjjuriineiits wen* aKo MK‘Ci‘SNr\jl, 
and the invention has been much 
further deveJnjw'd m ilu* pa>t year or 
two. 

The princijde invoived in the Thoin- 
BOTi jwoeess <d’ eleitnc ^\e^hn5^ i^ ver\ 
himjde, as iiejeeil is m»»st nf the appara¬ 
tus al.'.o. "JI 10 'J’ijonison p^oe.‘s^ of 

electru; wtddiiey cfjiislsts simply in 
forciiijj; fhroULch Ihe pieces of metal to 
be welded <’ui*reuts of hiu’h lanj^e\ol!nnt‘ 
tliat the'iO jneees can <*arrv them uilli- 
tuit ]ieatiiu.\ >iow, wlien tlie piei es are 
pl.'K’cd in .iluitiiieiit, the point of i^remost 
resistance nhere thev <‘oiiia<‘t uitis 
each other, and it is ofemirNe at 1 ins p(dnt 
that the herit is fust ::«neiatc.L d’iie 
instant lo’at L'^eiierated at the point of 
contact, the reMhtaiu'e at tiiat pla-e 
enoniiou.sl) and a cometjuent 

limre rapid development cd' lieat the 
immediate le.-^ult. 'I'lie nu'tals are 
coiiM'ijueutlv raised to a in ;h ^\l•ldln^; 
tenijieratiire m a very remarLaldy .sliort 
hpaoe of time, and upon a slight 
pressure beini; ajipliisl to loree th** 
pieces to'^ether, a ]»erfeet ^\eldin^; is 
etleeted. 

The field that is open for tli; ju'ocoss 
of electric welding is surpiisim^ly lust. 
One of lliL* most important r<‘M-’on> why 
electric weldin'^ is makin£^ way so 
rapidly is that tlie heat i^eiuTated by 
the current is tin* only ]mre lu'at 
known. TJjo blacliMuith, when wcldini^ 
witii either a t;as funia''e <jr a coal lire, 
is constantly tiie ri>l\ not only 

of liurninj; Ins lueta’, Imt of introihuani^ 
into it fiireiirn matter in the ionn of 
leases whicli are very delcteiions to the 


Tiien, weldinj; by t.lie Thoiiuiou pnv 
cc^s a much neater ami quicker 
Operation ; also, no skilled labour is 
neces.^ary to operate an electric welding 
apparatus. A youin: ma^ not knowing 
1 anvtliiiiiT of the conditioiiN umler which 
I diilcrent metals shonhl be w<‘ldt'd, in a 
I vers' .short tunc became so e.xpert in 
1 handling these machines that ho can 
i now, on the lirst trial, make ]H*rfe<*t 
■ welds in any of tlie ordinary metals 
and in almost .tli varieties of steel, 
I infill.iiag even Miishet and manganese 
' htci'K. 

I There are Imndiasls of ai»j)lieations of 
the ]irocess. As an cAauiple of .small 
WNtrk, the welding of gold rings is an 
I a‘*'.iii*t:d success, making a better joint 
; tfian i.s now made, doing away entirely 
! willi solileriug, and in its place making 
a <'oiitinnon.s gold ring; the work is 
nccomplislied in about } (d‘ the time; 
and soldering material is saved, an 
cnonnous wasting of beat is d<fne a>\ay 
\\ith, and tin d of buryiing g.’tf 

are eiitirelv oliviateil, 

ft* 

As an oAamjde of soi* 7 'what larger 
work, tliere is the welding i;f a.\es. 
^I'lie a\e IS made of a body of ordinary 
wrouglit inni, to \^hicU is welded an 
edge or face of tine tool steel, tempered 
and toughened. Tlic ]»ieces of metal, 
before welding, have to be prepared 
somewhat in tins manner. That is, a 
groove is cut in the bcKiy of the axe 
while a tape»- is cut on the face or 
blmle, the latter l)i*ing set into tho 
former an<! tlie pieces’ wedded in this 
jiosition. Vow, in electric welding this 
ju'ejiaratioii is done away jjdth. 

As an example (»f much larger work, 
take the welding of pedestals and Iocch 
molive frames. Tliis is an entirtd}' 


substances of <dtlier iron or steel, wliii-h 
are the princi]>al metals worked ijy 
black.Mniths, 'I'he heal generated by 
tlio electric cniTeiit is absolutely free 
from all foreign .ainl harmrni substances. 
Again, the lieat cHci-ted by tjie currcivt 
is un'|iir jM'rfcct controL and can be 
nnult! entirely automatic. ^'I’he heat can 
be >»eniin, and a stop put on the ajipa- 
ratus whicli will contrel the heat 
perfectly. 


rlinbrcnt class of work. The pieces 
have to be carefully })rej)ared, a raised 
portion being left qii the base or t'dgc 
of the frame, nnd n taper groove being 
cut iu the ]>edostal, so tliat it may iit 
down over the raised «portion referred 
to. In the first place, on locomotives 
are 5 or (> copjier rings, the )vire coni- 
]iobjng whicli is of .small diameter. The 
joints in the.se rings %re at present 
made with a blowpipe Hamc^ ^ud it 
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lakp.s an mjiiip 4 or r> luiiuitos to 

make a one. Klertririty can 

make them in as many secomls. There 
aie al^o on each one of tliese loco- 
moiives at leSst 150 jnints in inm, 
fiaau I ill. area of section to scv<*ia] in. 
area. Now, it takes 4 -15 muuitcs to 
make tliesc joints by llie onhiiarv jn-n- 
<*ess ; elect ncitv can do the n<nk in at 
I'si'st ^ of tl»e time. 'I’liere :ne on eai li 

t 

Joromolnc 4 fiaim*'', e.icli liMine li.uiiiLi, 

on it at lc.i'>t --"Soii.etimeN 4, ami 5 

|MHh’stals, Snpj'ONi* tli.it the av<iMi^e is 

i* jnMles,tals |i<‘r iVame. That makes Ij 

jM'hstals to the iiiconiotivo. T<» ])re- 

j'.iii* the ends of the ]M‘di*stals au<[ tiie 

Taper on tlie base of tlie fiame taK(h 

some 40 ininnies, 'I’iiey ija\e l»e 

]ieatt‘d and hamiiu'ied into shape Avliile 

Jiot. Affi‘r they are j^ia-painl in thi' 

manner they lone to In* reinated to .i 

\\eliliiiH t«'ni]ie!:itnre, pi o ed under a 

sleani hannnei and weldtd, lln.^ hi'-t 

operation^ re<jiur'*^ir .lu-40 muinte.. 

{if K, .Stt^\ait.) ' * ■ • 

(<>) Alt}ioui;li la.rijo sinutnres ol 

n roiij^lit iron ii»l ol mihl steel commoniy 

ha\e tin# luirts nuitc l hv ledtimr or I'V 
• * * • ~ • 
i^nvetirp^% and altlioutrh nuieli im^iMinOy 

has liceii <'\pended in so :nr.un;in '4 and 

ljr*)portioninf^ rivcte<l Joints as to 

obtain, in tin* j<ihit.s, tin* greatest ]»er- 

eciitage of the strenj^^tii of tlie m.iteri.il, 

nevertheless, ca.ses occur in all stinc- 

tnri;>. here the union of these metals 

by Weldinj; heconn'S almost a necessity, 

or if not a necesjjity, a matter of con- 

vonience and economy. AVron^lit iron, 

ni addition to its many other merits, 

has tliA merit#of bein.*’;, }ntr c.iV‘c//<*7nv, 

the Weldable metal; imld steel al.so 

|»ossess(!s this merit, hut neverthele.NS 

there is alway.s ri feeliui^ of doubt about 

a Weld, althauf^h weld‘4 are of necessity 

largely trusted. No better illnstr at ion 

of this can he »;ive» tiian that of a 

Common chain, each one of its manifold 

links having a separate weld. In flie 

cnrly days of * making suspension 

bridges, the links, unless the Wiustefnl 

pioeess of cutting away a large portion 

of tlie bar was r^^sorted to, were made 

by forming ihtj eyes separate from the 

bar, an4 by welding them on. To 


obviate these dilHculties, as long Jigo as 

1845, Howard deviled a jdan which, 
while a\(»iding the necessity of wehling 
on the eyes, avoided aNo the waste ttf 
material before alluded to. Within llie 
last few years a pi.in of “ njisef Img 
the 4*nds of tin* hais bv inecliaiii<*al 
means, so as to (d»taiu the reijuisite 
malen il for tlie foiinalion of the eve, 
ii.i.** been introduced in the l-jiitial 
States. Allhoinili imperfeetuiu in a 
weld m.iv.iii^c fiom msuthcieiit heat, 
or iiab id fn»m an i.xcess i»f heat, or 
Irom llie :i}ipIuMtion of iiiadi'-jiiaU* 
p<*wer to bring the hcateil surfaces 
togeilici, ]'robabl\ l>v tar the greater 
propoitinii i»f dibative Wehls arises 
Imm the pu*s»‘iiei* of some foreign body 
hi'twMii llie ’'Uif.ices to lie wehloil, or, 
;is it is exjm'ssiv<*lv calle«l, dirt ” of 
some knul <•!’ another. Attemjds ]la^ e 
been DM e to ob\ial<‘ the^e ditlii nllu’s 
by emplo\ mg gaseous or lujuid fuels, 
aiul, in riiYv I'a-es, by tlie removal uf 
theoMilc ct’ the metal troin the sur- 
f.o e-, by luriimg tu* ]ilauiug. 'I'he 
Welds ih.at were succ<'>^ivel\ em[doVed 
for tile weiiling ol laihv.ay tires lu tlie 
dn\s prmr to the j»reseut s\ vtem o| 
making tin st* tires In (auilinuous ro] bnu, 
and m the lump form, comprised <m 
oidinaiv .scarf weld, bird-month w'elds 
in both directions, sinyje-wcilge welds, 
and flonhlc-wedgi* w'cMs. In all (liese 
cases liammering w.is eniph»yed; but 
for 4*arriage tire.s, at all eveiit.s, the 
butt-w'eld was iiseil. In tiiu carlv d.ivs 

m » 

of w’rouglit-iron ordnuneo, w'here it W'as 
ilesir.'ible to lime in one piece a 
wroughl-iion tube, so Tmg in relation 
to its iliamelei* llial. it would have lieeii 
dillicult to have welded it U[i as .i 
single coil, it was made by welding two 
coils together, each of ai>ont half the 
length of the desircil tube. Jt need 
hardiv be said that cv<‘iy one of the 
nui.lcs of heating employed iuv^d^ed 
that the iieat should proceed from the 
otif.sidc inwards, 'i'licja' were also the 
chances of invlcijuate heat; etf an 
exces:^ 4»f heat; and, as has already 
been .stated, of the presence ofdirt’* 
in the weld. Moreover, there was the 
difficulty of ascertaining to what state 

o 2 ‘ 
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Jie heat had attains 1; cominouly in 
small welds the pieces were withdrawn 
from the fire, with the consequent risk 
of picking up‘‘dirt” during re-intro¬ 
duction. Among the desiderata for 
heating for welding purposes, the mode 
adopted should admit of uniform heat¬ 
ing throughout the sectional area to he 
welded ; it should admit of absolute 
rogulntiMii of the lieat; it should lie 
free from the jMissildlity of introfliuing 
either pai tides of fuel or gases hetwem 
the ■welding surfaces, and it should 
admit also of complete inspection dur¬ 
ing tlie time the heating is going on. 

All these (lesi«lerata are alVoided bv 

¥ 

electrical lieating. As regards llie 

Cl C' 

])ower of an electric current in pa'<sing 
through snbsfancps to develoj* lieat, the 
most familiar instance is jiroh.ihly that 
of tlie carbon filanicut of an incan¬ 
descent lamji, now so largely used in 
theatres, in clubs, and in private iuuises. 
It is common knowledge that electrical 
energy is compounded of eiectro-moti vc 
force or potential, or prefercntiallv 
“ pressure,’* multiplied into the amount 
of the current, or the juv'-sure multi- 
])iied into tiio quantity. Wiiciiever this 
clo<'trical energy lias to jiass tlirougli a 
conductor, the resistance of that con¬ 
ductor to its jiassage destroys a certain 
piirtiou of the electrical energy, wliich 
energy so destroyed rea])]»e:irs in the 
form of heat, and must apjiear in tin: 

very conductor which has been the 
¥ 

cause of the destruction of the elect ideal 
energy. Therefore the amount ot'lieat 
produced must he that wliich wuis the 
thermal equivaVent of the eJectidcal 
energy destroyed. Whjit the. tomj»e- 
raturc would bo, and in most cases it 
was the teuqieraturo reached by the 
conductor, as the result of the passage 
of a given ipiantity of current, which 
is of importance, depends not only upon 
the heat-unifs ^jiroduced, but upon 
other considerations. Although electric 
energy is represente<i by the multijdi- 
caticui of tlie pressure ij^to the current, 
it will be found that the heating eifect 
of any given current is independent of 
the pressure, and that the heat pro¬ 
duced is in proportion to the current 


(Miiployed. As regards the heating 
eifect of any given current upon 
diifcrent materials, if there w^erc an 
absolutely ]>prfect conductor, whidh 
otFered no re.sij,taucc to 4lie passage of 
an electric current, no amount of elec¬ 
trical energy could heat it, because no 
extent of conductor could destroy anv 
)»art of that electrical cnergv. On the 
(>thcr hand, in the case of a material 
al)S(dutely impcnncablc to an electrical 
current, it need hardly he said that no 
healing couM re.snll, as no current 
could pass. Fortunately, the materials 
ciimniouly weblod, iron and steel, hold 
a very happy ]>o.sition as conductors in 
the .scale of nndals for the jmrpose of 
heiiig cdecti'i<'ally heated. The elec¬ 
trical resistance of metals increases, 
liowever, with an increase in their 
temperature. This question of the 
int:ri‘:isc of josistauee due to ini’.veasc of 
teiujuTature has been investigated by 
l>r. llopkinson, and ^e rosult;| obtained 
have been jniVfriir'flflT in the I7niosophiiml 
Transiu'tinns for tlie year 1S80. This 
iuer<*ase of resistance toVUc passage of 
the curreni, as the tempeii^iMrc in¬ 
creases, is of great utility in electrical 
webiing. (aiusider the two ends of 
bars lo be welded; mere ordinary 
rough huvfuces; the first contact is 
made upon numerous ])oints. through 
these the currtmt passes, and they be¬ 
come rapidl} heated, and oflbr more and 
more rosistinee. As endway pressure 
is applied, the surfaces in contact be¬ 
come of larger ami larger area, until all 
are heated up uniformly. The greater 
current seeks those quarts which, 
although in contact, are at a lower 
tcmjieratiire, and this goes on until 
contact and uniform temperature are. 
obtained. Having regard to the fact 
that the particular form of electrical 
energy needed fty imparting heat i'^ 
that of large current and low pressure, 
it will be seen that there is very great 
difliculty, amounting‘almost to a com¬ 
mercial inijiossibility, of transmitting 
electrical energy in such a* form over 
any but Tory shor^ distances, for, 
unless the conductors \vcre of enor¬ 
mous size, they thnmselv^S w^uld !>** 
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injuriously heated by llie jmssage of the ! 
furrout; aiul, luoreoxer, the pressure! 
re'jiiired to drive tliese laree currents 
tliroufijli any vousiderablo length of ! 
coiiduetor \vo%ld be so large a 
rentage of the working pre^-'Ure as to 
aild very grentlvto the jKiuur ref|uireii. 
Tor these reasons it is desiralile that 
tlie eleelrieal Oiiergv should onlv take 
tile Ibnn oj* large < in rent and b>w ]»jes- 
s<iro in the very iieiglibouihoud <d‘ the 
ueidiugHuaehine itseli'. In all prob* 
ability tile great use of elertrie welding- 
inai'hines would be for uniting ])ii-ces of 
s}»oeiti1 and <liflieult form, and for deal¬ 
ing with refraetoiy luelals—ndVaelory 


whit’ll have been broken, aii'l to weld 
best steel for tools on to c(»nimnnrr 
materials, it is obvious that a mae.Jiine 
that , the ]>(»wer of heating any 
Tnateiial with an abstdutelv eontndlable 
heat, and that enahlts that lieat to bo 
ins]MM'tet] and to be coniinunieated 
Without the advent of* iinpuiiiies, must 
have many uses in the arts, in ]>rejKU*- 
ing pieees fur bia/iiig, !« r slaui|iiijg, 
and ill a variety oi othei wavs; in fart, 
liiere <an be no <loubt that the exist¬ 
ence ofhucii a machine will itself give 
lise to a large number of new uses, 
(Sir V. ruMinwelh) 

(•■) Tlie icason for whudi inacliioes 



in the sense that they do not lend 
themselves to successful welding by 
any of the onlinary firoresses. 

At the Crewe works one of these 
welding machines is in use, shutting on 
eyes to screwed* rods of some ’ in. 
diameter; the weld is made close up to 
the screw; which is in no way injured 
>n the ]»roces^ It has also been 
employed to,weld ends to tubes, to 
Weld tigether the parts of twist drills 


have been invented, has been for the 
jmrpo.se of rcjirtHlucing faithfully and 
constantly a set of condition.^ necessary 
to obtain 11 certain r*;suU. WJion the 
cnmlitioii'' in any case are few, and the 
' product simple, generally one design oi 
I machine will .be sufficient. Wi^h an 
I im'reahod number of conditions, how* 
! over, the complexify of the appara- 
' tus increases rapidly, and demands, in 
many cases, subdivision into diiferent 
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jivitce'.ses to Im! oxoi'utod by sci^irato | jHiints and Inw rondiictivity for heat, 
iDachiuery. What constilutes skill in easily I'usiblo metals, and espceially 
a working innn, for iiistanee, is ilie good condu<*tors, haftle all attempts 
ability cn-ordiuatcJy to ye]iiodu( as an exterior heati source is 

number of opeiations or inovementh ; to employed. ^ 

be, in other words, a ]>erreet machine, The electric welding process has not 
or to produce the same result, even if only made it possible that operators 
other conditions than tho^o j>re\iously not particularly skilled in the art of 
coiiteinplateil should arise. blacksinithing can produce good sub- 



CONNCCTtONS rOR type D dynamo WlLD'riC CUU. 

AND INDIRECT WELDLR. 


r^i sRouNP 

Klectric welding apparatus. 

To secure ui^lform results in the stantial welds, but has created an art 
praclice of a diilicult ojtcratum, there ' equally ad.iptaldu to aTl metals and 
are two way^ possible. combinations of metals. 

1, To em|il(»y skilled h(dp for the The following are all the metals, 
comjdex jsprtion of the work alone. alloys, and C(*mbinntions so far actually 

2. To substitute for the more comjdex ^ w’elded with success by the Thomson 


portion of the 0 ]>erHtif»n, one more , process 
readily controlled. 

The ordinary welding process requires Mktata 

the greatest skill at the hands of tlie ^ Wrought iron. Tip. 

blacksmith for heating the metals to the ; Cast iron. Zinc, 

jiropel teiniieniture amf at the right j Malleable iron. Antimony, 

spot, while preventing the accumulation Wrought copjier. Cobalt, 

of cinder or scale. While skill may be Cast copper, Nidkel. 

successful with metals of high melting Lead. Bisnurth. 


RtS>STANCC 
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Aluiuiuiuni* 

Silver. 

rJatinuin. 


(loUl (pure). 
MaiiEjancse. 


Alloys. 


V.'ii’i<ui.s grjulos of 
tool steel. 
Various grades of 
mild steel. 

Ste< I oastiuir.s. 
HJhroine steel, 
Muslicl steel. 
SUiIks steel. 
Cri‘S4-ent steel, 
ilo'^emer steel, 
t^ast brass, 
^Jnn-mel.al, 

Hrass composition. 


Fuse metal. 

Tvjjt: luefal. 

Solder metal, 
(iermaii silvc] 
Aluminium aib ved 
itli iron. 
Aluminium Itr: 
Aluminium brt 
)*ho''j»lior brnu/ 
Silii‘on broiue. 
(\>iu .silver. 
Varitius grades 
gedd. 


COMIilNATTOXS. 


(^*ppe^ to brass. 

(lopper to wrought 

4^^])]>er1o German 
silver. 

<'upper to E^hl. 

(.loppey^o sTU'er. 

Ilrass to wrought 
iron. 

Ilrass to cast iron. 

Tin to zinc. 

Tin to brass. 

Brass to German 
silver. 

Brass to tin. 

Brass to mild steel. 

Wrought iron tb 
oast iron. 

Wrought ii’j^i to 
cast steel, 

Wrouglit iron to 
mild steel. 


Wrought iron t 
toi»l fiieel. 

Gold to German 

Gold to sifvei^. ' 

Gidd to platinum. 

Sliver lo }datuuim. 

Wrought iron to 
Mushet steel. 

Wrought iron to 
Stubs steed. 

Wrouglit iron to 
ere.>eent steel, 

Wrouglit iron to 
caNt br.ass. 

Wrought iron tii 
Gorman silver. 

Wrought iron to 
nickel. 

Vin to lead. 


Bnt Prof. Thomson was not satisfied 
with his progress jnade above ordinary 
welding; lie early recognised the ini- 
jiurtnncc of a nuichinn in which .all 
conditions for Miccessful operations are 
mechanically controlled to ]>roduce 
^tniform, results, work rapidly, and 
require little or no attondanoo. 

Such nmchiites, now known as auto¬ 
matic weldihg machines, have proved to 


he <»r special iin])orlaiic<* in ciuincction 
wilii easily fuhihlc inclais, enabling the 
successful wchling of aluminium, silicon, 
and ahiminium-hiS'nze, uhich rei]uire, 
even with the electric ]>n>ce.ss, con- 
sideiuble skill. 

Before entering into a drtads*! dc- 
scnjition of the autoiiuitic welder, a few 
general data on welding will he in 
(trder. 

The TIkuiisoii ]>i ocess of electric 
welding ran he and has been worked by 
moans of c<»ntiiuious or aUemaliug 
current'^ ; secondary haiterics or uni[io- 
lar machines may h»' and Jia\e hcen used, 
'fhen* arc such coiidition.s trausporta- 
hihty, ahseijco of motive ]*o\\ or. situa- 
tmn in coiilinuous <hstiibutiou district, 
t'ce., whicli may make it advisable to 
use the continuous current, Tiie alter¬ 
nating currents, however, ha>c so far 
been found the best adajited to be eco- 
noTuically ]irn(hiced of large volume at 
low F.M.Il 'fhev arc casilv and eco- 

• V 

nomically contrtdleil, andallowof being 
distributeij at high ]»ressure w’illi small 
conductors, and of licing reduced to 
w oi king pressure wherever needed. 
They have, however, another heiicticial 
ciVect, which is of importance in all 
welds of largo sections. 

It is a well-known fact nmong manu¬ 
facturers of iucaiuloscenf laiuji lilainenU 
of large section that the inner portion 
ill a filament is apt to be overheated. 
In treating filaments as used in the 
commercial series lamp, in hydro-carhtm 
atmosphere, the writer once thought of 
]U'(Kiucing a specially good quality of 
carbon hv startiiig’^\ilh an cNtreuudv 
thin base '()u4 in, thick, and iddaining 
a iilaiiu’ut tHt-Ob per cent, of whioli 
consisted rd’hard, grey, lustrtms c.'iihon. 
Ills idea was also to exteiul this jiroccss 
to t]»e maiHifactnre of arc light carhons, 
and even produce jiencils of about J in. 
diameter. What, wa.s Ids surprise, 
however, to lind fhat although the 
lustrous surface presented at all times 
a dense grey structure, the core lost 
this eharaeUT after a certain tnickness 
of (carbon had boon deposited. lu fact, 
a number of coneentric layers would be 
j discovered, from the inmost graphite to 



200 


RLEcrnics, 


the douse grey, senu-crystallinc at tlie 
outside. 

This artioii can in tuy mind only he 
attributed to tl»o over-heatiui^ of the 
carbon jtarticlcs in the iu.side. A siuiilai* 
action takes |ilace in ;i i>ar of iron if 
heated by an oloctric curient. The 
surface oxj»osod to radiation nill be at a 
lower tonij eratui’o than tlie coro, Jt 
true tliat tlie he.itiug of tin* metal will 
increase its resistaiu*e sind thus lend 
to equalise tlie tein]n*ratuie, but not 
enough in all cases. ]’,y the use i*f 
alternating <‘urrents >ve gam, however, 
an assistance in the helt’-iuduction. The 
effect of the latter is esjtecially marked, 
and has a tendency to conceuti’atc tiic 
heat on the surface. 

If there is any place that receives 
more current tlian another, the ellect 
<if the s(df>*inductioii is emphasised hy 
the fact that the surrounding part is 
cool, and its permeability is greater 
than the ]tart traversed by tlie surplus 
of current. With veiy large and 
o^jiBcially wide metal pieces the unevtui- 
ness of distribution may bo reincdi(‘d by 
approaching iron masses to create at a 
given spot a greater self-induction or 
counter K.M.F., thus diverging the 
current from that section. Prof. Thom¬ 
son has early recognised the importance 
of, and has patented, a device io jirevent 
the heating of the metal at a given spot 
by creating locally increased self-induc¬ 
tion or magnetic effects. 

In view of this, it is interesting to 
note the paper controversy between 
parties disputing the |triority of a de¬ 
vice that is to produce exactly the 
o])positc result, with, however, the same 
means and conditions. 

Two methods of distribution arc in 
use: the direct and the iinlirect. In 
the former an alternating current 
dynamo is used, having two windings 
on the armature, one of wliich furnishes 
currents rendered <?^>ntiinious by a com¬ 
mutator to excite the field magnets, and 
is controlled by switcli and rheostat; 
the othfr consisting (»f a single turn of 
heavy copper cable furnishes the weld¬ 
ing current, which is led through 
collector and brushes to movable copper 


clamps suitable to rc^advc and guide 
the welding sju'cinicus during the 
operation. 

In some other forms the field-magnet 
is the movable part, in ^”liich case u<^ 


i;i5. 



iieavy currents have to be carried 
tiirongh collector and brushes. No 
direct welder^ are built at present for 
currents larger than 4000 anqieres. 

The indirect method of distribution 
is almost exclusively used to-day. It 
consists in its sim]>]est form of one 
alternating ciffTcut dynamo, Aelf oi* 
sejiarately excited, and one welder that 
is a transformer, with tl’“ necessary 
clamjdug and operating ap{^nccs. 
Tlie splf-e\citingdynamos used are 1000- 
*J0,O(^O watts (uitjmt, and may be regu¬ 
lated by means of a reactive coil to give 
a varying K.M.F. never to exceed 1100 
vol ts. 

They are substantially built to with¬ 
stand sudden stndns, and have self- 
oiling bearings; Inrushes are never to be 
moved and perfectly sparkless, requiring 
no other attendance but cleanliness. 

The winding on the transformer being 
one for all set, variation the K.M.F. 
has to be obtaine<l either by varying by 
liand the initial K.M.F. of dynamo, or to 
excite a dynamo to the lowest potential 
required, it being so compounded as 
to give with the maximum work the 
increased K.M.F., or dually to maintain 
a constant K.M.F. at dynamo under all 
loads, and vary the K.M.F. at the trans¬ 
former by inter])osing a variable resist¬ 
ance, or, i)referably, self-induction. The 
transformer itself may be buUt so as 
to give a different ratio ^of conversion, 
either by moving the primary and 
secondary relatively to each othfr, or 
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by shunting lines of force by tncaus of 
an iron bridge between ])riinary and 
secondary, or by altering the number of 
turns in primary and secondary }>y a 
switch. ^ 

When a siinrle ])lant is us<‘d— \i/., 
one <i 3 ’n;uno and one welder, it the 
dynamo geiier.illv whii-h, if .M'pavately 
excited, is regulated hy means of a 
ilieohtat in the exeilei* circuit or bv a 
• reactive coil in series uitli exciting toil 
on armature if self-oxiited. Fig. ll>;i 
shows the connectnms used witli a 
separately excited machine. 'I'he only 
thingdillerent from siniilar installations 
is tiie. break-switch, whiclt isoperalctl i)y 
a foot treadle, and auttunatically opens 
the circuit when foot pressure is re- 

lae. 



^ I'nuiBformer. 

•# 

moved. This prevents any mishaps 
when operated by uninitiated persons, as 
all action ceases when one leaves the 
apparatus. The primary voltage never 
exceeds oOO volts, witli 100 alternations 
or 50 complete t'yclcs ])or second. 
Nothing but the very best insulation is 
used in the primary wiring. It is 
deemed necessary to jirotect customers, 
not only against any shocks, but even 
against the scare of <me, and we recom¬ 
mend to i»))eriimneiit!y ground the 
secondary, w'hich in welding a}>paratus 
is virtually the table and pvessnire 
devices. 

Fig. 134 shows the connections used 
for a self-excited composite dynamo, 
which has two wii^dings on armature, a 
longer main and shorter exciting coil. 
Both are wound in the same directitm, 
and currents generated therein ])as8 in 
multiple commuted througli the shuntett 
field-magnet; after this through line 
No. 2, centrollpd by a break switch aud 
split, one returning through reactive 
coil ^fld line 3, the other through welder 


and line 1 to their respective windings. 
The exciting ctlccts of oacli circuit add 
themselves. Kcactive coil is conveni¬ 
ently ]t]aci'd near the woldwr, Bynamo 
IS regulated fjom minimum to otHJ 
volt.'*, and cx< it»Ml tbr each weld anew. 

For st)mc woik wlii<]i rc(|uiics to be 
tbme at gre.tl speed, tlic sccuiul method 
IS rcMU'tcd to; tiiat is, to keep the tiebl 
umstantlv excited bv li\inir a vari.iljle 
i(active coil in a given position just 
enough to prodiue alamt 150 volts, the 
lowest K.M.F. reinureil. The jiro]»ortitui 
of the field-mairiiets, the F.M.F. of 
exciting coil, and tlie resistance t-f a 
shunt to iield, aie sm li as to jiruduct an 
over-com))ounding of lOu per cent, in this 
case witli largest (urrent in primary. 

This method of regulation is very 
nii'e, ns it U absolutely nutoiiintic, 
responds quit kly, the field of thedynamo 
not requiring to “build” ex'cry time 
from residual magnetism alone. \SV 
soinetinies call it “ cubic compounding,” 
ns if produces a constant lienting cllcct 
for variable cross sPction.s and variable 
b'ngtbs as well. With this iiuuliljcatiou 
the w’iring is sliglitly altered, the 
break-switch breaking only the main 
ciicuit, leaving the e.xciting tircuit 
permanently close<l. 

The methods .so far described are onlv 
used when a single xvelding machine is 
t<» he operated. It was early recognised 
tliat ii the process at nil to be used 
on a eommercial basi;;, that at least the 
generating of the iieeessary currents 
should be limited to as few machines ns 
])ossihle. It reijtnred, in itther xvords, a 
dynamo, giving a neJ?rly constant E.M.F. 
of suflicient capacity to feed a number 
of weldors while maintaining for each 
absolute iudejK'udence. 

Since all welding for a bmg while to 
come will ])ruha]d 3 ' he operated iu 
isolated i>lants. the dynamo is to be 
placed in the hnni^ls of an engineer 
generally, not an expert in electrical 
matters, and has, therefore, to be easily 
attended and free from all tjje little 
faults and kiilks xvhich are at present the 
sole consolation of the dynamo lender. 
One of its prime requirements are close 
automatic regulation under nil loads. 
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dvnainns are manufactured in various 
sizes, and are self-excitini^ uj* to .'U>,OiH) 
watts outjoat. Dynamos with larger 
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output arc separately excited; but also 
self-regulating. Kitlior constant poten¬ 
tial or a percental iucre.ise with load 
can be obtained, and the regulation 
responds even if t!ie load consists of 
self-inductive translating devices. 

I lay some stress on the regulation of 
the dynamo for the reason that the 
generators arc not to he i)ia('ed in the 
hands of special attendants, as in case 
of a central station, Imt have to deliver 
their currents under constant pre^'sure 
whatever may be the conditions of work 
they are snl)jpcte*.^ to; even an auto¬ 
matic regulator would hardly be able to 
follow the rapul variation of loach 

The following condition^ influence the 
perfection of the work, and are variable 
with difl'creiit materials ami sizes:— 

1. Vrcjjection of the abutted pieces in 
the path of the current. 

2. F-.M.F. ofweliMiig current as con¬ 
trolling the strength of current flowing. 

3. End j>ressure aj)j)lied to force the 
ahuttini; cuds into each otl^rnt welding 
heat. 

5. Interruption of current at proper 
time. 


1. The projection of the abutted 
pieces varies with the diaTueter. It has 
l)een found that for copper, a projection 
of twice the dianieter for e.udi clamp 
gi\i*s the most econoi^'cal results. 
With steel and iron, tlie most e(‘onomi- 
eal projection equals the diameter, and 
is for brass 14 times the latter. 

The projections sensibly affect the 
energy re(iuire<l, and the most economi¬ 
cal one depends upon the heat-con¬ 
ducting proj)erfies and specilic resist¬ 
ance <tf the .s]H'<’imens. Accordingly 
high conducting boilies require longer 
pr«»jections, highly resistant ones short 
jirojectioiiN, Conductors of larger and 
smaller diameters may bo welded by 
giving to each its respective projection, 
in the same manner may wires of dif- 
f(*rcnt material be joined to each other. 

It is ea'.ily understood that sine# 
niUM^ual ])roJectionB on dilferent sized 
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conductors produce tlie proper heating 
of b<dh at their junction, equal ]»t«- 
jection of equal sized conductors will be 
required. All other conditions neglected, 
it is imjiortant to keep the projection 
for a given size and material constant. 

2. The E.M.F. Vequired dcjtcnds upon 
the projection and the ri^istnnce of the 
material to be welded, -For larger 
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crofis the i?]jori(u* 

plays iiii iiiijturtant rule, aiul iinlire 

the shape of the sjiociineu. 

Another farUu’ ail'eetiriic the K.M,F. 
is the rcsit^iuoe between (l:llllp‘^ ami 
material an' the resist.ui(‘e of eopper 
conductor^. The E.M.I*'. ret^uirt'd for 
iron and steel is nearly double that b»r 
eo|)]>er, and would be 4 tinu‘s if etjual 
nrojectiou were usid fur both. 

A certain drit]> of E.M.K. will be 
Innnd from the clamps to the specimen.s. 
'Phis drop is rather biw on inateiial 
having naturally Itrighl surfaces, as, fnr 
instance, coi»jier, brass, (Jennan silver, 
tin, or even coid-rolleil irun and steel. 
Fur a large class of however. 


he performed until the metal h;is ac- 

(|iiu-ed tJie Tieceysavv plasticity to vield 

to the ju’cssure. Jf, b»r (me reaM»ii or 

j another, the K M.F. and, coiis('quently» 

i tile cunent siiouM lia\e lieeii loostromr, 

1 ^ • 
j the tsme necessary f(»r welding alom* is 

I atlected, and in tliis case shortened. The 

' bars will, liow'ever, lie united at the 

temperature and w'itli the .same 

fbu , wl)ale\er the time may Jia\ e been 

use' to bring ubimt the plasticity 

iiert -saiy. The ]n'essuiv will in some 

I les 'cts iuflu(‘ne(' tlie heat by forcing 

tin inet.ils iul<» eacli otlnr at either 

higher or b»wer teuip**rature, and by so 

doing iause the mtion fti lie iuteirnjded 

' at. an earlier or later jieriod, as may be 


esj»ecially m carriage hardware, the 
surfaces to be used for eontact.s iia\e a 
light scale left after passing through 
the rolls, wliich lois either to be remo\ ed 
by grinding or tiling, or to bi' o\er- 


Y* •(lined. 

The ]n*essure re((ninMi varies w'ith the 
inatii'ial, and is ajipro.Mtnatelv IHon lb 
‘ pi r up in. for steel, j>er Sf[. in, of 

! iron, f’-nn |b, ])or mj. in. of copper. It 


come by the K.M.F. of the current, lii ] a aries aisn with the areaot cross section, 
a g(tod many the introduction of | aN indicated by its being e.\prpssed a 

u spcl^al prnces.s of cb^nin^is deemeilij^wtiou with tlie surlace as iuic of the 
to be more expensive than to use a fittle factors. 

c.vtra poj^ir to work through the j d. The interrujdion of the current as 
Kcalei^ I soon as tlie wchl is completed is im- 


3. For uniformity of result the end i»urtant for all easihly fu&iblc metals, 
pressure required to press the abutting ! When two copjier wires are welded 
i'jieciinens into each other at welding together, the welded jtortion being in¬ 
creased in cross sceliou owing to the 
end pressure, if the current is not 
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interniptetl a large portion of idle con* 
ductor on either side of the weld, in¬ 
cluding the latter, becomes heated, and 
will melt and be torn asunder before 
any pressuie device could follow* and 
over-bridge tiic gaji. 

The current sf'>»uhl, thertToro, be 
interrupted as soon as the weld is com¬ 
pleted. It is also soiiu'tinies required 
that the parts to be welded sliould be 
of n certain i>redeteriuiiied lengfli, in 
whicli case tlie interrujition of the 
current as soon as tlie allowable dis- 
tam‘e has been reached i.s essential. 

All lliese (amdilions are maintained 


heat is of m^re importance than any 
of the former agencies; this is, in fact, 
the on^ which ooutr<)ls and rectiiie.s any 
inaccuracies in the former conditions. If 
the pressure*necessary for a given size 
anJ^matefial is used, the w^ehl eannot ! 


constant in the automatic welder before 
us, which is the fir.st commercial type 
of its kiud.^ This welder is not entirely 
Autoniafie in tlie strict sense of the 
word. The degree of automatic action 
lias to be considered for each individual 
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oliject separately. This mat-liine con¬ 
tains, however, the le.'niinp; features as 
Covered by l*rof, ThoinsouV patent, witli 
a few iinprnVPUients in nietdianiral eon- 
sti*u<ition. The capacity »»f the machine 
is lunninallv copper wire No. (? to 
No, 17 A(J. It will, however, wcM 
lari^cr and smaller sizes. It, wei'.^hs I 
K>oil». omnpletp ; the second irv is one 
solid co]>p»‘r casting of acioss s»icti«»ii 
resemhlmg a ht)llo\v square ho.v willi 
one of the sides removed. 

TJiiscasting is iirmlyscrewod tuan iron 
table. A saw-cut at right angles to tlie 
plane of looj) creates the two poles, one 
insulated from the taldc, and the ottcM* 
constituting a V-shaped hearing suitable 
to receive a sliding clainj>ing device. 

The hollow part of the secondary is 1 
to recei\e the primary coil which is 
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separately wound in a form and insu¬ 
lated with special care. Two U-.sliuped 
himinated iron cores embrace jirimary 
and secondary. 

It has been found^tbat the best form 
of transformer is the oim in wliich the 
primary and secondary coils are co¬ 
axially jJaced on an iron core, so as to 
oblige afl lines of force ^nerated by 
the former to cut through the lattcM'. 
If tile two windings are placed side by 
•ide on an iron core or on opposite legs, 


as shown in Fig, 1155, there is a tendency 
to form consequent poles at the point 
where the two windings meet, due to 
the leakage of lines of force. The 
leakage wull depend upon ^lie distance 
hetw’pcn the tw»» leg.s and upon the 
length of magnetic circuit. It has been 
]>nr[>f>scly incrra^ctl ami turned to 
advantage by Prof. ThoniMin, for ohtuiii- 
iiig con''tant current in the secondary 
w'hilc llie jinmary is supplied with con¬ 
stant Fig. 15(5. Wlien, however, 

constant K.M.F. in sei'cmdary is re¬ 
quired, it is important tli.it this leakage 
should bo de( reaped to a minimum. 

Various forms of secoudiiry may be 
employed to work consistent witli the 
above piinciple. A few of these are 
show II in Fig.s 157,158, 159, ami 149, 
in w'hicli cases the .secoiitiary is pre- 
fevahly a stdid copper ca.^'ling. Form.s 
shown in Fii^s. 140 and 141, Jiowever, 
])ermit lianl lolled co])per jdates to be 
used. \ ^ 

For mci lianiifn reasons and co;iveiii- 
eiice, forms Nos. 1.57 and 158 are mostly 
u>e<l, and actual cx]>crieace sl qws j>rac* 
th'ally 110 leakage. This consti^iction 
[lermits of removing the j»riinary wdth- 
out disturldng the secondary in the 
least. It u1m> gives the least pos.sib}e 
.sclf-mduetion for a given cross section. 

It is often found stated that when 
large (|uiuitities of alternating currents 
liave to be conveyed through copper 
eoutluclors, it is important to have the 
same laminated or subdivided in smaller 
conductors to reduce self-induction. 
This may be true to a certain extent. 
The sliape of (:ros.s section iit* however, 
far more important than the lamina¬ 
tion. 

An experimental compound con¬ 
ductor, consisting of a number of fiat 
copper ribbons in parallel, showed a 
.self-ijulaction of f/(/'i’e*vhcn the ribbons 
were closely ]>acked, of tu'o when 
.separated into two ])arts, and one when 
.sj»read open like a fan, * 

The explanation for thi.s was given 
by l^rof. Thomson, when he showed 
self-induction to depend postly upon 
the length of the lines of force sur¬ 
rounding a conductor when traversed 
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by intrriniitciit or alteniatini^ cur¬ 
rents. 

The pole which is insulated from tlie 
table constitutes the stntioiuuy <’lam|). 
The nninsi^atcd ]>ole, which is con¬ 
siderably larj^er, has on its ii]»pcr side a 
long V-shaped grot»ve parallel with the 
axis of the secondary, big. 112. A 
movable cn]t]>er block, al-^o V-sh.iped, 
lits ill the bearing, and <‘an be .did in 
the same Ibrivard and backward. 

Thi.s inoval)le l»lock carries the .^ci'niul 
olamj). The current necessary Ibr 
welding has to pass through this bil ling 
contact, d'he welding of small copper 
wire, or any oflier easily fusible metal, 
is a very didicult tbiug, if special ap])a- 
ratus is not used. TluM'urrcnt rci|uircd 
is very large, several hundretl amperes 
for wdre not larger than No. 17 A <!. 

The metal when it reatlics wcl'lmg 
heat readily melts away, and lias to bo 
followed by the movable clamp, so as to 
prevent the b'K*aUng ^d’ tin* ciicuit, 
Th^fe latti’ r action, whci^it occurs, is 
Molciit that a s]*ecial device is hcces^-oiry 
to prevei^injury to the ctul iii case <d’ 
puch^ rnjifure. The movable clamp, 
in order to follow the softening of tiic 
metal, has, therefore, to hav«* as little 
friction as possible, and } et has to make 
a good contact to carry the heavy 
<‘urrents. The clamjt is fuliherniorc 
retjnired to move in true guiiles so as to 
abut the small coiiductiu's with lludr 
axes in line. The heating necessarily 
brought about when rapid and con¬ 
tinuous welding is done niu-^t not inter¬ 
fere with tlie bearing, and cause tlie 
carriage stick through expansion, 

All these conditions liave been com* 
jdied with in using the V-bearings, the 
carriage being hebl down in contact by 
means of a heavy spring, and number 
of copper rollers being interposed be¬ 
tween the carriage and the ]M>aring, 
Fig. 142. Tlie copper rollers are simply 
short pieces of J in. Iiard-rolled cop}M'r 
wire roundc(V at the ends. TIuu'o are 
16 altogether, 8 lowanis thefiontaud 
8 towards the back (^f (‘arriage, equally 
distributed on both siiles of the bouriug, 

A stationary rod at apex of bearing 
presyents the interference of the- two 


rows of ndlers. Ikdweon the two sets 
cd' rollers in front and in hack a bolt 
jiasses applying the spring pressure, 
fircing the carriage into contact with 
the hearing. A pressure of 4nlb. mav 
be eTU])lo\ cil, and yet tlie carriage will 
move freely. Tl 1 c^e JO roIh*rs have 
to tr:in‘'init a cm rent of n]»pro-\i- 
mately anijiCie*;, 'i’h»‘y absorb 

altoiit 20 ])er (cnt. of tlie total 
energy, wbi«’h loss is. houoer, fully 
balanced by Mic reliability and siin- 
pluity of llic device. 'I'lii-s loss 
moiMivcr, only on the maximum si/a-s, 
and hi.. insignificant on small 

wol k. 

An adjustahb* coiled spring pulls tlie 
sliding cl.iinp toward tin* stationary 
one. In front arul pivotetl on a lever is 
the distance gauge, xvliich may bo in¬ 
serted between the two clamps. Tliis 
i.*augc carries on a central tlisc a numlior 
of steel ]>ins of varying lengths, but 
equal ]»rojiM*tn>n (Ui eitlier side of disc. 
.T.u#se projei'tious, if inserted between 
tlie two ilauqis, give the nece*-%arv dis¬ 
tance required for a given si/e wire, the 
ilisi' against which the w ires ar^’ abutted 
ensuring equal projection of ladli ends 
to bejonieil. On the hack of tJie appa¬ 
ratus a sw itch is located in the juainary 
circuit, which is norma ly held o^ien by 
a spring, ISy moving the handle to the 
right the ]>rjinary will he closed, and 
the .switch locked by a hi tie catch 
underneath the lahle, A pin fastened 
to movable claiu]) will lift the catch 
and i( lease the switch, thus ojioning tlie 
circuit. 

An intermediate'iit*v’or between <’afi*h 
and jdn operated by a sliding rule, 
whicli serves also a^ an index, permits 
of varving the point of cut-ofl*, wdiich 
has to be in a certain lehitioii to the 
distance between clamps. The position 
of cut-ort', tension of sjiriug, dislam^e 
between clamjis cojresponding to each 
other, are marked \Vith the same figure, 
whicli is also inscnhed on a wire gauge 
fastened to the Welder. By insLM'ting a 
wire into 6iic gauge the nuniflicr read 
will give the necessary adjustments at 
once. 

If, by imprudence, the switch should 
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Ipk niovoil to the n^ht. while iKt stuck is 
inserted and the r.lainps m contart with 
each other, the switch I’liiinot he locked, 
jitul the fuse in ]»rinKiry will be blown, 
without, however, cuusini^ anv ilaoiai^e. 

The iiiMTtioii of the ilistaiiei* i^aiiije 
between elanips locks the switch, m> 
that primary can only he cli»sed after 
withdrawing the i^au^’e. 

Tile operation is as follows ;— 

1, The wires tu be wehlcil nr 
i^aiii^ed. 

*J. Tiie dihlaiice gani^e and < ut-oiVare 
set to correspond with nuinlaT on 

gaiiiro,^ 

o, Tlie nxivable (lamp is movtsl t< 
the ri^lit and inserted, 

4, Itoth wires an* .s« curdy (lampisl, 
care heiiiij taken to abut tin- ends 
squarely against the disc. 

r». The gauge is withdrawn. 

0, Tlie .switch is moved to tlie right. 

7, The reactive coil moved toward a 
lioisiticpn of tninimum leactiiui, and le- 
stored to inaxiinurn after weld ba.> b 
<ami]ibdcd, 

K. 'fhe clamps arc opened and the 
weld renioveil, after wliieli the cpjpera- 
tion can be repeated. 

If a g(jod many weld.s of tin* same 
size material are to be made, the re¬ 
active c(dl may once, bn' all bo set in a 
given position, and the switch alone he 
ojpo rated. 

Welds made with the antomatit^ 
machine liave attained a luiifonnity not 
obtaimible with very skillerl oj»erators 
working without it. Jn fact, small, 
easily-fnsiblc wires van scarcely be 
welded witli certa^ity with (trdinary 
apparatus. For alnininium esjiecially 
the automatic ap])aratns is needed. 

The reactive devh’c us»»d in roiinoc- 
tion Avith Avdders is the tyjie re<M*ntiy 
described by Prof. Thomson, in whii'h a 
cast is made to more or bjss cover the 
]»rimary, the self-induction of which is 
to be altered. To o'Ltain still a larger 
range, the windings of primary can be 
coupled ill series, or multiple scries, or 
multiple,* l)y a switch in bu^o of coil. 

As mentioned before, the welding of 
easily fusible metals may sometimes 
cause a rupture of the secondary tir- 


I ouit^, Avhii'h, owing to its viidence and 
Anlume of energy, may o iuse a burn- 
out of tin* primary if not guarded 
against. Thi^ danger is not very great 
in tlie automatic inachim^ since the 
end tu’essiire <l(ns not depend upon tlic 
attention;, of tiie opi*rator. A .special 
device is, liowevcv, used as :iu extra 
]>re«antion against all emergencies. 

Ui caking a high-ttiiMou circuit 
rajdilU’ is not tab'll) done. An arc. 
geiicraliv fi>iiows the break, and this 
lengthens the time of the rupture. If 
llu: voltage (d* tlie circuit to be broken 
Is so low that ovi*r the slightest dis¬ 
tance an arc (aunot follow', the break 
will be indaiitaueous. This is the case 
jwith tl on iary circuit <if Avelding 
transbu'incr. voltage, being <n’di- 

narily only one \oll, wtuild, even if 
nicHMsed tenfold, not be ,d»le to main¬ 
tain an an*. lii»w^evcr, multiplied in 
t lie primal v it will cause K.M.F. sulb- 
ciciit to pierce lliroughihe insulation as 

*'rdinaiilv iised.^ 'fhis action is simnar' 
,» . * 1 

to a KJuniikorff coil, in w'hich the in- 
fenuptor is caused to breal^^iinder oil 
or water. 1'he di'.charge is takAk caro 
(d‘bv a special apparatus. 

While the macliim* Ijefure us is oulv 

• 

<uii* tA pc einlKidying the principal 
features fonlaiiUMl iu all, others liave 
been manufactured, or are in jiroco.ss of 
construction, in wliich the automatic 
character lias been carried out ca'CU 
furtheij as III tlu! widding of nng.s and 
t bains, 'fho ])reseiit model in its first 
form is aide to produce ft. of chain 
in a liny without any attendance to 
sjieak of, the jilain Avire beiyg fed into 
the machine at one end and the com- 
jdete chain coming out of the other. 

The automatic ]irinciple is, lioAveA''er, 
not coniiiicd to small conduclors. We 
have AAeldors Avith 40,000 watts output, 
capable eUliug 1 copjM'r or 2 in. 
iron, constructfid and Avorking daily on 
that plan. The projections are deter¬ 
mined by adjustable stojis y the pressure, 
the most important of all, is hydraulic, 
and regulated hy an automatic reducing 
valA^i, iho cjkbaust being lyied fur cool¬ 
ing clamps at the same time. The 
primary is controlled by adjustable 
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jeartivt* from a constant poicutijil 
circuit, aud is interrupted at the jiropei* 
time hy the clamps, Wliile not all 
machines to-day arc operated on tliis 
j)lan, 1 am cmiviuccd th.it the cvolutinn 
<tf the wcldnii^ proia-hs tends in that 
direction, and that tlu* welding in future 
will he, in tlio full sense ol‘ tiie word, a 
jturclv nu'chani<::il ojieratioii. (li, Leni)i.) 

A method of welding by electi icitv, 
^devised hy Niiadas Von r»enanlt)s, td 
St. IVlersluirg, has recently, attrai'ted 
cniiMilcrahle attention on the Continent, 
and jiossesses M-veral teatuiis Mlmh 
lemler it (|nite distim t trom tlie v?uions 
}iroeesses of fusing and retliuiug hv 
means of the electric cuu’uit or the 
electric arc, proposed from time to lime 
hy Siemens, t’lowes^ 'rhonihon, Wallner, 
ami othor.s. It seems moreover, to he 
thoroughly praelical. An account of 
the ]jrocess, together with a desn iplnai 
«d the advantages which are claimed as 
resulting from lias been given hy 
^tuhlinunn, of ('hmnnit/, after a 
I neful^study of the r»enaidus 
at St. retersbiirjr; and the fidlonmg 
njl^follows closclv his aide and 
interesting nrticleK piihlislied recently. 

Honardos works directly with the 
electric arc produced heiweeu a carhoii 
pencil as one terminal and the metal to 
he treated as the other terminal. Tins 
has been suggested and tried befi>ro. 
liut the (yirbon was ma<lc the negative 
pole, as it was feared that otherwise 
the consmnptiou would be enibarrass- 
ingly rapid. ITence the metal became 
the po.*'itive }>olo, that is to say, it 
became exposed to energetic oxidation; 
and a groat deal of tiic trouble expe¬ 
rienced by other experimeulers arose 
from this circumstance, in tlie lienardos 
process the carbon forms the ])i»sitive 
terminal; it is, of course, quickly con¬ 
sumed, but can easily bo replaced ; on 
the other hand, there is a favourable 
reducing action going on in the fused 
metal. The giieat importance of this 
modification can easily he tested by 
changing; the poles, when the work 
•soon becomes enveloped in a dense 
cloud of oxidisfd products. The intense 
heat j)f thtf arc melts even the most 


refractory imdalr. iilmofc»L instantaim- 
ouhly ; hut the action i-; jmndy local, 
like that <>f the blowpipe, and only 
thoso parts upon which the arc plavs 
diiectly are attacked, the atljidning 
portions undergoing little change; and 
the fiihoil mas^ solidifies and cooU very 
quickly. In tlic ^>elmrJo^, process tin; 
mabuial retjuircs little or no prcparii- 
tnm. K\en a pretty thick Javer <»f 
OMile \m 1) he leduced and tlrop oil', 
whih* sm.illcr quaiiLitios of oxide unile 
to form ;i slag with tlu; saudv' day 
freqm-ntly athied as a liuv. Tliis slag 
prevents the oxidatutn of the metals 
lie cooling. }s'o otiu 
rc(|mj<*d, Tiie ojaMatioiis ‘an also he 
larricd on under water,; tJmmdi the 
gases and steam gem rated » use tiouhle. 
Nev eitlielcs'-, ail apparatus lias hcMui 
coiislructed t> facilitate sueliworkhy 
f<ueing the W! ter a\\a\ from the jiarls 
to he tiealed h\ means (»f cnniprchseil 
ail'. Out* if the chief advantages 
jj-nmed for lli ■ hew .s>slein ap]MMis lobe 
' that the art; is hrouglil to tlie work, and 
not the wiuk taken to tlie arc, whicli 
wouhi me.'in transforiner.s, crncihles, or 
otlier apparatus. i^i/e is hence a 
que.stitui of secttinlary miptudance, and 
unwiehly ]ueces may be dealt with, 
nlthougli thr M»hlerjng work of tlie 
t^rdinary kind a s|»et ial fq^eratiiig table 
is emjdoyetl as more convenient. An 
act idem at Struve’s emery works, 8t. 
Petersburg, directetl gener.il attention 
to this ]tr(K‘es. Tlu orks have 
vertical boiler 

wliii'h h;ul become Icakv, and the w’orks 
W'(;rt‘ practically at^A standstill. The 
consulting engineer declared that the 
rejtairs would Ito ratlier expensive, and 
might occupy *'» weeks’ time. Pu'uardos 
insjiected tiie boiler, ami olVered t 
rejiair the heaters that very day. The 
boiler was jiuL on a truck, taken to liis 
works, treated eleclricallvon the truck, 
anil wlieek’d hai'k, alllii hours. Prot, 
Puhhnan saw tlu boiler in full action 
the next working d.iv. lig. 118 is 
rejn'oduoed f.xim a pliotograjd.' taken 
iluving lliese repairs, ami iliustrali‘s 
the simpHcity of the jirocess. We may 
Kueutiou auother lasu reported by Prof. 
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Rulilmiinn. A (ast-inm flywliecl uf uioru 
5 tons had boon l)roken 

into sovoriil |»ieri*s while boinj; takoii 
jh»\vu iVoni tlio truok. Tlio piooo> wore 
t'lisoil toi^etln^itwithin a tb\v iniurs, and 
tiu» fulluwintr lUiv tiio tJvwhool was in 
piaco and at work. 

A ^daiK-o at Kigs. 14:1-oO will j;ive an 
idoaol llio irroj. vajh‘tvofi.irrn]ii.staii<'v.s 
under w hit h this prut t*SN is aj»|dicaljli'. 
kt is dear that ti\wheels eannot be 
treated in the sniiu* way as tidei;rapii 
wires; and that a sohlerin^ami weltlins^ 
plant, to he ivally iis<dul in the work¬ 
shop nr fbun<ir\. should be able to ibal 
with deliiate artieb's of a feW' ll>. or oz. 
in weight equally wtdl as witli he:i\y 
pieoes. Kooiioiiiv w'lU in general he m 
IjiAour oi‘ line sonree of ])ower foi tlie 
varmus oi'orutioiis; ]>ut tlieii the opera¬ 
tor must Jja\ e iliortiUirh <'<innnand o\er 

c ■ 

the Vfdts and ampere'' of Ins (‘iirrents if 
tile are is to base the proper v<ihnne 
and temperalure,* The leHL^tli of tlie 
a^rniiay^^w ithiu small Innil^, 
at will; the lairrents themselves may 
be nuidilh'^vb*' ith the IieJp fif resistance 
c<iils. JSut tills is not snnicii'nt. Sujt- 
j jMising that the workman lias tti do a 
little tin soldeiing, and ti* wehl two 
large thick boiler plates a few minutes 
later, Ju! must be in a ]K>sition to v.iry 
botli tension and quantity of the cur¬ 
rents within Very wbic limits. A 
dynamo nhnie would not do, there must 
be lu-fuinulators also, and those of a 
special kiml eajvible of being charged 
with strong currents and discliargctl 
either at a few amperes or at several 
hundred Hum that amount. Faun* 
aecuinuhitors are not adajded for suidi 
W'ork, nor are those of the Plante ty|>e, 
as they cannot store up suflicient quan¬ 
tities of electrioit}", althougli they bear 
strong charging and discharging cur¬ 
rents. Benardos Inw constructed accu- 
tnubitors for the work which are lUit 
strikingly novel, but seem W’ell fitted 
for their special•juirpose. Prof. liuhl- 
inann saw at St. Petersburg some cells 
in very fair condition which had been 
m use for mor(% than 1J year. It is 
further notei^'ortliy that at the Creil 
Works, ♦where the Benardos processes 


have been under trial for some time, 
serious dilliculties liad to be encountereil 
until tile accumulators alreadv there 
were exchanged for the Pwnardus bat- 
teiy. 'rheromjdetc celIfKig. l4:J)weigbs 
db 11). niiii contains 9 lead plates (Kiir. 

} 1 14), all of the .saiTii* kind, 4 positive and 
' r> ncgalne, w ilh Ij yd. total MirfntM'. 
hath plate consists of a fiaiin* <‘!ist of 
puri' hail, 0 in. by 7J in. surf.uc, and 
' in. tliick. 1’he inl^'rior oi the frame 
is tilleti with stri])S of thin lead, altcr- 
’ iiatelv stiaight and conugated (Fig. 
i 14 r») snldcrc^i into liieir places ; the lat¬ 
ter stii])s aic belli in such a manner a.s to 
I Isuiiit.itc njiw.'ird cninulsiii the li(|unl, 
'Such (uiicuts anse during chaigiiig, 
ow mg to the deselopmeiit of ga**, whi<‘h, 
if kept witiiin piojier limit*', i'. thought 
advantageous to these cells ; the upward 
' tnrri'iits equalise the ditl'eieiiee in 
^ deiiMty ; the cur\atuie of the bent sliips 
I la\onrstlie liberation of the small gas 
^ Ifubldis, and i hecks the fbnnation of 
InibbleN, which Would cause 
^ buckling, raoutchouc jnisms separate 
tlic positi\c ainl negative )ilate.s, llie 
i poles of which ;u'4‘ simply sidileied to 
bt longer lead stiips running along 
eitln^r side of tlie cidl. Idluted sul- 
j phurie ai‘id of l'*Jb sp. gr. cireulates 
: ireely between the plates. The total 
I w eight of tlie compltlu cell (.'ib lb.) is 
' made lip of-4 II). for the 0 plate'-, S lb. 
j for the acid, and lb. for tlie glass jars. 
The ctdls have an interior re.si.<;tance of 
O'OOli oliiu and gi\e ‘J*r> volts, when 
continually charged wliile at work; 50 
to 70 of these cell^ave joineii in a 
battery ; seveial batteries, 3 for in¬ 
stance, are groupetl in jiaralle], luul are 
ctqitiuually charged l»y a shunt dynamo. 
Fig. 14(i explains the ordinary connec¬ 
tions. Tlie shunt dynamo charges the 
5() accumulator cells in series; a volt¬ 
meter and an ainperonieter are inserted 
at V ami A. From tl’ie positive termi¬ 
nal of every fifth cell a wire leads to a 
])iug switchboard U; from U the 
current passes Uirough a variable jesist- 
aiiee W, and from thence through a 
flexible cable to the carbon holder Zand 
the carbon ])encii K. The operator 
intiuipulates his holder Z, the metal to 
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l)t» ]>l.'U'oil uj)o» tlio tuMi: P, bcinL; 

joiiird direftiy to tlio neiriitive terminal 
of the biittery. liy iiisi-ilinir the jtluj: 
in tiu* s\vit<hbo:ml U, llic operator may 
obtain ourrenls from r» c'*lls, twice n, 
and so on to jT) times 5 eelK. It con- 
Mderablo masses of inelal are lo luMlealt 
with, cuna'iith of coii.snlera!>lo strem^tlj 
are needed. These arc obtaineil b\ 
the huttcrics or tertuiri set.s id 
cells in parallel. Supposing tlie ilyiiaint» 
gives rnrrents t-f 17& volts and 120 
amperes, that there is a battery of 70 
<idls coujd<‘d in serie.*?, and that it is 
desiVi'd to solder two boiler jd.ites " in. 
tliiek. 'riie eiirboii Judder is conneiteil 

1 

with the positivi* terninials of tin' j 
toitietli i’ilU of .*» giaaijis. Tie* iMjbon 
]'eiuil is allow(‘fl li) toucli Tii* a tiMctiiPii ^ 
of a si‘< (>iul, and is taken olf air.im mime- ' 
ili.itely, so that hetwi'eii the pi.lies aii'l j 
the i*ari on pi-in-il an are of a few inilli- | 
iindies length is formed. Tlu* irmi ; 
melts like wax; imt the aetion si'cms 
t— j:..erfiil, the iiu»lteu ^uietal hpNinL\_ 
ami ev.il»orating distinetiv. In suctfa 
ease one of the ptralKd gnpiips is i*iit 
itut. S'.-ubl tile aitioii tlien be too j 
sluggish, om^ or mort* j>:irallel gionjis is j 
added. Souiotinies thi‘ are jiroves too , 
small or extinguishes frequently; in j 
such cases the iiumbiT of cells in eacli ; 
gi (uij> has to be increased. j 

TIui carbon holder (Kig. 147) ro.semides ; 
a ]wir of scissors, and consists of tivt» , 
ccpjjer bars having u lound hole near 
the end, in which the pencil is held 
lirtnly, either l5y the friction of the 
jmrts or by means of a little wedge as 
shown in th^figurc. Tiio flexilile cable 
Jiasses througli the wooden handle. 
I>nrmg working, the holder becomes 
bot, and may have to be emded by 
I'lunging it into cold water. The 
operator wears strong leather gloves, 
and his hand is further protected by a 
metal screen fixed on the holder. He 
looks at his work through a (lark glass 
as in Fig, 148^ which protects both his 
eyes and face from the radiated light 
and heat* better thaii ordinary dark 
spectacles would do. The lungs al.so 
way need protef'tion from the vapours 
of copier, Itad, and other metals ‘or 


When |» 0 '*sible. mean^ should 
]>(■ provided to curry olV vjqiours 

witii a hl.tvt of air. Tiic coii^fiudion 
of the h(dder jierinits of ;i qiiii k i ejtl;u*e- 
nu'ut (»f the caiboii jieiicil. The diain- 
ctiM's of tliese carbons v.n v greatly*, 
f'or more delicate w’ork, where a lew 
cells Would sudice, line pencils (»f* mily 
in. .ire reijuired ; w’liile boiler j)l.ites, 
sn<-h as iiienti<»ii(‘(i above, are welded 
together bv nn*:ins of thick eurljon rods 
of uj) to 2A in. diameter. Tin* carbon 
Is |)onited before using it. <h‘dinary 
light-eai lions do not answer W’ell, as 
tlu‘v are generaliv too soft : the in- 
veiitor jiiet< is c.irlioiis. 

One of tlu‘ nuist imjiortant a]>]ilica- 
lioiij, iif tlie new proci'.vs is fbr welding 
plati‘.s t>l all thiy knessi'S. For llu* \eiy 
tine'-t slu’eis ol 1 mm. ami b’ss, the 
l'.l(Htro-lJej»ha(‘st Company ]oefer ii 
modilication of the Llihu Tiionis(»u 
jji ocess, altlmugli their i)wn ]irocess is 
stiinetimes equally good ((‘oinj'are figs. 

470). lUit all strongi i jiiat'-s up 
to si‘\eral ceiitimeties thickness are 
subjtM toil to the arc, 

'I'o etloct this with ordiuarv plates, 
the edges are feathered as in Fig. 1 10, 
and pies'.ed together. The furrow's are 
lilJed witli little pieies of tlie same 
inateii.il, and the arc is then ajqdied 
while fresh pieces are added until the 
lurrow' is comjib’tLdy filled with tlie 
mol leu mass. The jd.ites are imnie- 
di.itely afterward finished under the 
hammer. In making iron welds, the 
Kiiiall pieces for filling are always of 
wrought iron. With iron, a Ilux of 
cl.iy sand is recommJ'b.dfd ; with cojiper, 
borax, or sal-ammoniac. When tlu! 
]>lalcs arc joined on their lower surface, 
lU'uardo>. suggests a powei fill olectro- 
magiiet, placed as indicated in Fig. 17>0, 
to pre\eut the luiuid metal (provided 
the material la* para-magnelic) from 
lUnving off; w hether this suggestion 
will prove ]>ractical Is doubtful. The 
ai>paratus shown in Fig. Ibl looks more 
j>ractical; it is intended to be cimdoyed 
when making vertical scam.s.® The 
pincers j? carry two pieces of grajihite 
or coko g forming a sort of chamber 
at the spot where the fusion is to be 
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c:irricd on. As soon as fho mass has 
hardened suflicientlv, the rarlum jiitu-es 
arc ]>uslieil fartlicr ujt. (’arhon jtieces j 
arc frei[uently cmjdoyed to j)ri*vent lliu 
liowiug ofl'or4he fuscil material. Figh. ; 

3ul exempliiy other \va)s of join- ; 
ing plates in cases where a jn'ifectly 
.straiglit .surface is not insisted upon. 
For ti)iimer]>Io'es, tht‘ method Fig. 101 
seems to offer particular advantages; 
for two j. in, jd.itcs a seam 1 }<1. hmg 
can bo made in 7 minutes. Wlou 
]datcs arc to bo joined at an :ingl(‘, the 
]»rocess is of course exceedingly simple. 

If two iron bars are to be joined end t(» 
end, the one har is rouglily centere<l in 
a latlie, and tin* otlier pressed against 
it: the bodV of tlic lathe is connected 
with the negative pole. A few' iiioineu- 
tary touches with thecaihnn will make 
the two bai.i ^th■k together sufli»‘ient ly 
so tliat they move as one piece witli the 
lathe. While the lathe istnrned sluwlv, 
the w'eldiiig is eff’cctod !>v tlie additi«>u 
or material in smali qu.t.''tie.s at, - 
lime. To join two telegraph wire", the 
cuds arc ^ '’nt (Fig. a little in>ii 
ring is ]iuslu*d over the hooks, and the 
whole Ls fused into a sort of‘ button; 
the resulting j<uut leaves nothing to be 
desired as touductivity ami breaking 
strength, and the whole operation can 
he accoinjdishod with a few cells, and 
in 2 minutes iur 4 nini. wires. 

So far we have only 8)>okeii of joinin g 
materials of the same kind. But the 
intense heat of.tlie arc supjjlie.s alloys 
which are hardly known under other 
circumstances, so that iron and copper, 
tin, zinc, leai, steel, cast iron and steel, 
wrought iron and steel, alniuinium ainl 
)datinum, etc., can bo united. This 


sohlered into a cast-iron ]dato, and this 
iron plate coated with cojtper several 
min. thick. 

If the inolals can be joined by tlic 
elcetrit' aic, they can also be separated 
by the saiin* means. For instanee, 
lioh's can be niaile if the metal is j>er- 
luittcd to flow off. To j)ierce a hole 
1 in. diameter tlirough two j^hites J in. 
thick takes about 4 minute.s. The next 
step i.s to iivet the plates in this W'ay ; 
this is shown in Fig. 1,^9, where llicy 
are 4 in. plate.s, the rivet | in. tliitk, 
and the opeiation ttiok S minutes. Jt 
.seems, howc\cr, more advisable to 
pumh or drill tlie Inde.s. 

it lias been said, above, tliat the 
matenahs undergo little clicmical change 
under this tieatmont. Tlie ipiestion 
set ms very important for iron, wi\o.se 
i heliaviour IS .‘•o iciiiarkaldy influenced hy 
slight variation') iu the coinjxisition. 
'lo te^t this (pu'stion, wrought iron 
diMp^ings from tlie welding pro<*ess 
>M'ie fused again by me.ins of the arc 
to a liar of alxuit lo inin. tliickness, 

; and tliis bar turned down tc; 10 mm. 

I Tile bicaking weight of this bar was 
I tons jier M|. in. witli an elongation 
I of 17*1) per cent. 'I’he fracture w'as 
j fibrou.s, like that of soft steel. Tliis 
clcctiicaliy fused iron (Fig. 175) rc- 
1 5i*inb]<*s soft steel in other respects, 
ncptwithstaiuling its origin; it is mal¬ 
leable, can be weldeil, ('an be bent botli 
liot and Cold, and is scarcely harder 
than soft st(x*l. The follow'Uig tabic 
gives aniil)ses made by Vicuvillc. The 
Columns B refer loathe original metal 
before eh'ctncal treatment; the A 
c(dunuis .shnw‘ the coinjiosition of liie 
metal after the treatment. The changes 


jiromiscs important progress in the 
working of metals. Prof. Ikulihnanu 
has exhibited spo* imeii3 of iron jdate 
wielded to red cojtjfcr, imn plated with 
tin, and iron plated with lead. In such 
cases there is ju'obably at the junction 
of two metals a layer of alloy, Chemi¬ 
cal manufacturers would be thankful 
tor cheap copper retoils coated inside 
with platinum^ or iron vessels coated 
With lead, prof, Kuhhnanii saw at St. 
f etcri^urg a number of copper 


are sliglit, and appear raf her favourable. 

Tlie tensile strength tests of electii- 
(Nillv made joints jiebled most salis- 
fadorv results. Two jti#'ces of ndlcd 
cliarcoal iron, j(dned as in Fig, 152, 
showed a breaking strength of 18 tons 
j»er sq. in., the iron itself giving 21 tons; 
the e]ongatio|j was 9 per cant. In 
another in.slancc, 93 per cent, of the 
initial tensile strength was observed- 
A ])late riveted electrically rent finally 
opttoide the riveting }ine. The, electri» 
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cal riveiin" or flm of platos 

without rivets, particularly as in 
Ib'Jit st-ems to olier inalcruil advantages 
for some ]>urposcs. 

The remaining ilgures illustraN; 
sppeiincns exliil)ited by J‘rof, liuhlmjiiui 
t)efure the ElectrottM-lniical Sorjely^ 
Fig, is a cast iron jdate, Fig.TT)-4-.1>« 
cast iron eccentric bnikcn in piecc-s ainl 
joined again at a; the junction is--aid 
to be quite hoiiutgeneous, and neitlier 
harder mu' more iu'ittlc than tJie solid 
inetaL This sugge.'.ts the linishing of 
cast iron pieces by means of the e)«atric 
arc. Fig. 105 represents a jeeceof a 
cask, Fig. 1(J0 j»art of an inm l»oat. ■ 
That even finer plates may be subjected 
to this ]ir(»cess is demonstrated by Figs. 
107 and 168; but as already vemarkeil, ' 
for very line plates and wires the FliJiu ; 
Thomson |)roc<*fis njipears jiroferablc. ' 
Fig. IGO isaspecimru of neat workman¬ 
ship, a little steam boiler, formetl out ■ 
of three pieces, sbeJl, to]», and bottom. 

A section thrciugh an (dcclric rivet is • 
illustrated in Kig. 171 ; Fig. 171i slutws 
how the so-called half rivet is mad(‘, ; 
and Fig. 17.'J how stronger liars are 
joined. In Fig. 171-a bar welded in this 
manner has becnibenfc cold under the ^ 
hammer at right angles at the line of 
junction. The .‘ipeciincn Fig. 175 con- ; 
sists entirely of electrically fused iron ' 
which has already beei/described; it 
has been bent cold without sliowing 
any fissures or irregiilaritip.s. The * 
shaft Fig, 170 was formed by fii.sing 


togetlicr tliree jdcijes. Tin* iion tube 
Fig. 177 was welded at and provided 
with a flange nt by the same process; 
the copper tube Fig. 178 is also a spcf i- 
Tiicn of electric welding. Fig. 179 is ;i 
turning tool of ordinarv iron with a 
steel bit W'elded to if. ^ 

riicse. ■Mi>taiiccs do not c**ver the 
wlioh* field where electric Avelding and 
Mihb'ring might advantagcc’^ily be ap- 
jilied, ('hams may be produced with 
wehied links, fool^' jtrovided with steel i 
points and edges, cables joined, paic> 
made without rivets and plated, and 
many kinds of repairs, especially in cast 
iron, become possible. The process will 
prolmlily be studied with particular 
interest by the shipbuilder. The cost 
of such ii welding plant would not be 
heavy. The dvnamo and accumulators 

V m 

could weld and rejiair during the day 
and ju’ovide light in the evening. This 
would bo one more reason for intro- 
<lucing electrical power into the wovk- 
sh<>p. ( /‘Jufiiticcriiiij.) 

Several ]>atcTits Jiave recently hecu 
granted to Klihu Thomson fm* impro\- 
inents in welding apparatus, one of 
which is illustrated in Fig. 180. H 
comprises two rotary electrodes R R'> 
one of which is suitably insulated from 
the supporting base, t(i which electrodes 
a current of large lioating volume is led 
by means of tli^ brushes C C'. Suitable 
ineiMH, as the screw indicated, are 
provided for tlirowing the rollers into 
closer, or more remote adjustme&t. The 
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two ]»U*r(*s of metal which are to he 
weldetl in a continuous line, an* iiitio- 
(lueeil between flie eh'ctnxlos ami fed 
irvadually forward, the weld beini; pro¬ 
duced hy tlie heat develo))ed in the 
strips, as they move between the rolls. 
These strips are indit'ated in the en¬ 
graving l>y making the rolls of 


developed is m ])ioportitui to the re- 
sistaueo, danger of burning is incurred. 
Ill order to avoid this tlic pieces to he 
wehleil wliou ytlaeed in the clainjjs and 
]ives>.ed into good contact, have the 
current a<hnittod siuhienly in a large 
amount, (‘ausing a ra]>id aceumnl.itiou 
of heat at tlie joint, and when tho 
welding tfiniioratare is nearly 



reachtMl, t lo* (Mirrent is diiniiiished 
Iiy means of a c(‘rc sinulenly 
thiust into a ecll in the primary 
(in’uil. thus eiioking oH jmrt of 
the Diimaiy eiirient and rediu/uig 
the strength of cuireiit in the 
well!tug cirrnit. 

Another invtntiou of Prof. 
Thomson’s <‘ou^i^ts in maintaining 
at tlie hohiiiig clainjis, or at the 
]Kjint where the eiirreiit enters 
tlie wtuh, an alternating enrreut 
of fairly nnifitnn pottuilial, s-o 
as to juodine a gradual hcotiUg 
(d the Work antomatieallvthnnigh 
• a giadual ilnTease of Jesislaiuc 

4 . • 

due to rise <«f temperature. The 
primai’v einuil is supplied wnlh 
an alternating current of uni¬ 
form character as to potential, so 
tliat as tlie resistnnee at the 


Klectrlc welding. 


joint \aries hv reason the m- 
creasiug heat, the strength (»f 


suitable boclion, various eonfonnatious 
may he given to the pr<»duct of the 
weliling ojteration, one design of the 
invention being to produce tubes <ir 
pipes having a continuously wcdiled | 
beam. In the detached view is slnovn ; 
a number of ndlers U U*, for jiroducing i 
a w'eld bt^wcen two pieces of m«‘tal, 
resulting in a trough having a V-shajn 
in cross-section, 

Pn>f, Thomson has also patented a 
method of welding invoKing the idea 
of gradually *u‘ MuUleuly throwing on a 
current cajiahh; (^if continued) of lioat- 
ing the pieces to he wedded hey4)ud the 
necessary tenijievalurc, and then, before 
such temperaknio is reached, dimin¬ 
ishing the current, with the eilect of 
preventing overheating or tt»o rapid 
heating, lu^Bonie cases tho resistance 
during the Avelding operation rapidly 
rise% and* as the amount of ilieat 


current will ho hiweivd and dancer of 
overheating he ohii.ited. 

Wire hisHlaftiiii (if) —A new im thod 

of iiisulatiiij' electlu' wires has le- 
«> 

ccntlv been adopted in (lerinani. 
rape'- is (irst of all prepared by soak¬ 
ing in an amnutuuual solution of 
copper, a jnocess^vh'uh (oufei> u]ion 
the ]ra[‘i*r tlurahihty and m.tkes it im¬ 
pel he pasty mass stt 

prepnretl is now applied lo tiic wiiest 
l»e insulated, by lueans of a sja'cial 
machine, after which trial men t the 
i‘t>ated wires are dried, anti iinally 
jjassed through a bath of boiling hu- 
seed oil. 

(/)) Having had occasion for a j'car 
to apply for the decoration of articles 
of jewellerii^ tlie proceduref pointed 
out by Nnbili and lleciiueicl for ob¬ 
taining coloration by means of baths 
of alkaliuc jdunibates aud ferrates, I 



216 


ELECTRICS. 


observed that the artielos thus coloured j 
became absolutely ]iroof a^j.'unst all 
galvanic action; that is, their surfaces, 
when once coatiMl with peroxide of 
lead or of iron, were insulated, and 
no longer conducted the electric cur¬ 
rent, A wire of coj)j)cr, brass, or even 
iron, in;iv tlius ho coated with an in- 
sulatinc: laver like a stratum of resin 
or gutta-percha. This princijde, I be¬ 
lieve, admits of easy iitilisation in 
prejmring wires nntl cables for use 
in telephony and telegraphy. 'Die 
method of oliiaining tliis insulating 
stratum is, from an industrial jxu’nt of 
view, very practicable, and the cost 
tritiiiig. The hardness of this coating, 
wliich resists all atmosjdicric a<d.i<ui, is 
a guarantee of its durability. The in- 
.sulation is absolute. The method ot 
pro]>aration is very simple, A hath of 
pluinhate of potash is prepare*! hv dis¬ 
solving 10 parts litharge in 1(»0» ()f 
water, to which have been added 
of caustic potash, and boile<l for about . 


ducing any action upon the objects to 
be coated. Such a wire, if placed in a 
circuit, and brought in contact with 
another wire in connection with a 
galvanouie.ter, leaves tin; latter entirely 
unatrect<‘il. (WiiMlemami?/ 

fc) I’lg, 381 shoAvsa .siin])le insulating 
cleat made f>f cell avert ” or ‘‘karta- 
vort,*' largely used in America for 
telegraph, telephone, electric light, and 
cleetric hell (inside) wiring, and meets 
its intended purpose admirably, as it is 
at once strong, light, and cheap. Un¬ 
like other cleats or staples, it cannot 
reaclily be sliattcred by .an ill-directed 
bbfw from a workman's hammer whihs 
being fii'^tened down with nails or 
taeks. These cleats are made for 
single or double wires, hut it will he 
seen that bv <’uttiug a double cleat 

W ' 

across tlie centre it will answer for a 
single wire. 

,/omi« 7 .—^The follow ing directions for 
making joints in conductors for the arc 
and electric lights are rcpr(>duce<Ui:£S,ni 



J hour. It is allowed to settle, de¬ 
canted, and is then ready fm- use. 
'fhe wire to be coated with peroxide (»f 
lead is attached to^ the jiositive jtolc, 
and a small platifnun ano(|e to the 
negative. Finely-divided tnet.illic lead 
is precipitated upon the negative ]>oIe, 
and the wiic is coated with jieroxide of 
lead, which jiasses successively ihroiigh 
all tlie colours of the spectrum. Tlie 
insulation is complete wlien it takes a 
hrowiiish-black coljpir. The wire thus 
covered is (juite insensible to electric 
action. Articles jierfectly cleaned may 
be at tidied to it, ami connected 
with the negative pole 6t a gilding, 
sih^ering, or nickeling bath xvithout 
tfie current, how'ever powerful, pro- 


Miinro and Jamieson's M'Jectrician's 
iVcket-liook.' 

In jirepanng the ends of the prin- 
ci])al conductors, remove the two ex¬ 
ternal tapes for a length about 5in. 
from eac'h end to he joined. Remove 
tlie rubber and the internal Ia 3 'er of 
tape for about 1 ^ in., and lay the wire 
hare with emery-paper (Fig. 182). 
SoMcr together the wires that coin- 
fKise the <*able for a length of about 
1 in., and bevel ofl' the two extremities 
xvith a fine file. Bring the two be¬ 
velled emls together, and solder them 
in such a w'iiy as to obtain a conductor 
of uniform thickness. Wind a fine 
copper wire spirally around the joint, 
and solder the ^vholc together as showii 
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in Fig. 18;5, and always use rosin in¬ 
stead of acid as a flow 

Afterward, to apply the insulating 
inateriaL take a very sharp knife and 
work thoruhher to a jM»int lor a leiigtli 
<tf iJ in. l'n>rn%]ie eoiniuetor, and etoer 
the nietallic joint nith a lay* ] of jue- 
jtared cotton tape J in, wide (Fig. IHd). 


These instructions apl>ly to the 
jirincipal eonduetors. In branch lines 
for iiirandeseeut lighting, the extre- 
' initics are ]tre]iare*l hy removing the 
braid, tape, and rubber for a lengtljof 
about 4 in. at eat h end, and unwinding 
■ the r*dt(»u co\eiing of the eondtietor 
, f(>r about in. The extremities of the 



JuuniJi' w iH'i 


Over the tape wind spirally a batnl 
of jiure rubber J in. wide (stretelling it 
well in doing so), and cover the joint 
with a series of wrappings running 
alternately to the right and left, until 
it gets he as tliiok as the ruhtier 
covering of the wire, *^r a little tliicker. 
riiih stwge is show'u in Fig. isr». After 
this, it is ne<'oshary t*> apply a small 
f|nantity *)fa solution of niliher to c.ath 
layer, and*albnv Iho alcolnd sufiicient 
time to evapor.ito bntore ]»utting on 
another layer. 

This ellects a union of the dilTerenf 
layers of rubber. The external cover¬ 
ing of tlie Conductor is composed oftw 
layers of j>rep.ired tape, J in. wide, ap- 
l>bed in o]>posite directions, with a 
strong gum laj vavnisli between them, 
and above these, again, a layer of iin- 
]>ermeablft tape, with^ a coat of var- 
iHsh over all (Fig, 186), Cure must be 
taken to keep the hands, tools, and 
materials ckan and dry, . 


wiic are then cleaned with emery- 
]mpcr and b<‘Veled off w*ith a fine fil**, 
a.s shown in Fig. 1S7. Tin*two beveled 
edges are then brought Together nu<l 
soldered, wliih* a thin **oj)jicr wire i.s 
wound aremud as liefoie (Fig. 188). The 
imdallie joint i> then co\ered witU the 
thin k’ner of ci>tUiu thal has previously 
bct'n unw*>und from the extremities 

(Fig. 18tt). • 

Over this cfittou covciing there is 
W(»und sjdrally, and in a contrary 
direction, a ribbon ttf pure rubber, J in, 
wide (care being taken to .stretch it .'is 
before)i until an insulation of the de¬ 
sired tiiiekness is obtained (Fig. lt?0). 

' In this case also a solution of rubber is 
a]>plipd to each layt^ in order to make 
the whole solid. 

Finally, two layers of felt tajio, r> in. 
wide, are apj^lied in an opjioai#! direc- 
with an interniediate layer of 
strong gum lac, and, over all, a coat of 
varuisli (Fig. 191). 
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In T-shn.ped joints of bninch wires 
for inojindesecnt. lij^hting the ends are 
prepared by rcmovin*^ from the prin¬ 
cipal con<hi<*tor 5 iu. of the twoexter- 


vomove<l from the end of the wire that 
IS to he joined in the ])rincipai conduc¬ 
tor. TJjc two layers of rubber and 
the cotton are afterwards drawn hack 

it 













Joining wires. 



Joining wires. 


nal layers of tape. After Irliis the rubber for 3 in. and the rubber is removed— 
covering and internal tajic are removed tlie cotton being left forf covering the 
from the wire for a length of 1J In.; G in. metallic joint. The wires, that coin- 
of the exteimal covering and tape arc pos4 the conductor should be soMered 
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together} and the solid wire wound 2 
or 3 times around the principal con¬ 
ductor and afterward 3 or 4 times upon 
itself. 

Then the ^ hole is soldoretl togctlier 
(Fig, 1112). Each end of the priiicijtal 
conilurtor must he worked to a j)oint 
with a very shnr}» knife (hr IJ in., and 
the stdid wir be covered witii etdtou 
u]» t(» its junction ^Mth the principal 
• eondiicttir and all around. Tim me¬ 
tallic, joint must be covered witli a ' 
nraplimgof <‘otton tape covered nitlj 
rubl)er (Fil% 11)3). 

A well stretched baud of pure 
rubber, J in. wide, is n])plied spirally, 
the \\inding being begun at the rubber 
covering of the solid wire, running to 
and around the joint, and as far tys tlie : 
rubber 4*<»vering at eacli end of the | 
principal conductor'—thus forming a 
series of javers in opjiosite iliiectit)iis, 
until the de^irvl thickness is reached 
(Fig. 194). 

As ju the pre'*eding *: it is aNo 

iieu'ssary Inu’e. to a]>ply the solution of 
rubber l)eiw(‘en the layers. Ext(‘r- 
nally, the wire is ])rotected by two 
layers of jirepared taj»e (J in. widr), 
wound aronnil in an opjjosite direi-tiou 
with an intonneiliate c<ij»ting of a enneen- 
trated varnish of gum lae, then alcove 
this an envclojie of im|>ernu*al>le tape, 
and finally a coat, of varnish (Fig. llb'»). 
All tiiese operations must bo perl'onut'd 
with the greatest neatness anil with 
dry hi^uls. 

Metal Work. 

Bronzes, (o)—llefore awuu k of art 
can he cast in bronze, it must be in 
existence in some other material, and it 
may not be altogether superfluous to 
desmbe briefly tlie various stages an 
article must pass before it can i>e intro¬ 
duced to the world as a bronze. The 
sculptor usually embodies liis iirst idea 
m a sketch, mtt, however, in most cases 
on paper, but in wax or clay. A 
sculptw’s sketch is simply a statuette, 
very roughly* modelled, and usually 
not more than 5 or G in. high. Works 
of tbis si/,e do not rotjuive any iutbrnal 


framing for their siijiport, and there¬ 
fore lend tliein.selves readily to any 
changes of design, even of the most 
radical ilcscription. 

The attitude of the figure, the prin¬ 
ciple, niiisses of drajjery, and, in short, 
the general arraugeiiieiit of the cotn- 
])osition having been decbleil on, the 
next step is the <*onstnu.'tioii of a full- 
si/eil framing of iron, witlmut wdiii'h 
the statue m pla^ti<' claj" or wax coubl 
not stand, but would yield to its own 
w^eiglit, and sink a sliapeless lump to 
the floor. With tlie assistaneo of the 
iron framing, or skeleton, running 
throngli CM‘ry part, it can he preserved 
for a sulli< lent lime—often for several 
years—to permit tlu‘ artist to biing it 
to that ]>crfecti(m of whitli he is 
<‘apahle. lint eieii llien it not to be 
regarded as a coiu}»lele W'ork ; for the 
pla^'lic material, whato\er it may hi‘, 

i.s i'ertaiu to bo ilestrovcd by its very 
plastiidty. Theiefore, tliat it may be 
]U‘e.11'ryed, it must undergo a trans- 
ibrinatiou which will render it hard 
and durable. If the statue has been 
modelled in a ccitaiu manner, and wiili 
! specially jiropareil clay, the action of 
file will ])roduce this lesult, and then 
wo call it terra-cotta. Tiie only other 
method of pre.ser\ing the model is to 
cast it. r»y this means, although tlic 
plastic moibd is destroieil, a fucsimilc 
, IS jiroduced in another and more durable 
laatiTi.il. 

Casting involves 3 processes:— 

1. The constrnctiuu of the Indlow' 
mould. 

2. Tlie preparation of the fluiil ma¬ 
terial. 

3. TJie casting or pouring into the 
mould. 

4. Tlio solidification in the mould. 
r>. The liberation of the cast fr<»ni 

the mniilti. 

A mould i.s m:j|^le over a piece <d 
sculpture by the application of some 
soft material wliich has the property ot 
rajddly becoming iiard. By Uus,ineans 
a concave impression is (fbtanied, fnmi 
which ngatii, by a similar process, a 
convex facsiiHilo of the original model 
may be produced. There are many 
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kinds of inouMs used by artists. Tin? 
ficiilj>tor vonghly divides all inouMs 
into simple and piece moulds. A 
simple mould is made all in one, with¬ 
out any lon^e |>arts, like a seal, or a 
jiastrycookV j'dly nioulil. A jiieee 
mould, on tlie c(»ntr:ii\v, is made of two 
or more jiarls, aceordinir to the require¬ 
ments of the uork. Moulds are also 
called “ o])en ” or closed/’ An open 
mould is one of uliudi ouc side only 


IDG. 



Simple close waste niouM. 


receives an imjiression. Simple moulds 
are, for instance, usually open moulds, 
so also arc jdecc moulds of bas-ndierH 
or <d,her Hat olijects. A <dosc mould is 
almost always a pi^oc iiioultl, it may 
or may not be a safe inouM. A safe 
mould is made up of many separate 
j>:irts, so constructed as to ]»e I’asily 
withdrawn from eaeli other. These 
moulds can be usetl many times over 
without injury cdther to themselves or 
to the cast—lienee their icinie “safe.** 
A waste mould is made of one or of 
many ])ieces, but it can be used only 
once; it is destroyed or w^asted in the 
process df casting. Sumetopen moulds 
are shown in Fig. 197: A, the cost; B, 
the cope or case of mould ; C| the loose 
|)ieces of mould, 


Moulds are made of very various 
materials, according to the objects for 
wlucli they are constructed. Piaster is 
the mo'.t common, but wax and gela¬ 
tine arc als(> much usc«^ by artists. 
For bronze founding, the foregoing 
materials are unavailable. The sculp¬ 
tor who would cast in bronze must 
use a material that will resist the in¬ 
tense heat of the Ibjuid metal. Moulds 
for metal casting arc made of sand and 

197. 



Sunplr Sa/kMouliL 



JVcLSte. MutdUl^' 



loam, of lut< or potvCj or, for small 
works, of compo, 

Su[)posing an artist has coiupleted a 
statue, and, having already cast it in 
plaster, wishes to xeprod^ ec it in 
bronze. If this work is of large dimen¬ 
sions, it is very unlikcdy that he w'iil 
have suitable premises for the purpose, 
for altlujugh small works can be cast 
almost anywhere, no casting on a large 
scale can be reasonably undertaken un¬ 
less a suitable foundry is available. Such 
a foundry should consist of a largo and 
lofty room about 40 ft. long by 24 ft. 
wide, the larger indeed the better. A 
row of small furnaces should be built 
along the wall at one end, and at the 
other end should be situated the rever¬ 
beratory furnace for large work, 
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:i vory larp' ]iorlion of thi' floor shouid 
Itfi (l(■(nl|>it•d by tho Tlie sniall 

i'liriiaces hoiiiru iDrnlioni’d aro draft 
furnaocs of tho ordinary ainl ans 
mado lo triko <ru(*il)It'fl up to about 
»i0 11 ), ('ap:ici?y. ]»\ poiniio^ tiio ot.ii- 
fonts of sevoi’ul oriifildoh toj^<»lher, <‘ast- 
inij'i of ronsideraldo si/o r.in be inailo, 
evtuMvith llies*' Miiall furnaros, Lart^or 
•juantlties than eiiu bo iMUiveniently 
imdte<J in the small luruaces must be 
tieaftMl ill tlie ri'verberator, >vhn‘b ia 
orensionallv ma<b’ of vi-rv sjreat v:i]y:u \\y. 

Tlie ‘‘pit” is ummI to Imrv fbo 
muulds j)n‘\iously to castmL;. I’his is 
Milh a fvofoM olijeet ; parllv timt 
tin* ]n‘‘’ssun5 of file oaith (oitsule the 
mould may enable it t<» resist tin? ]u*«»s- 
sURMiftbe metal from witliin; ami also 
ill order tliat tlie opi'iiin^s tlirouijh 
wliirli the metal is poured may be 
plated at a eoineiiieiit ievel, wbuh 
would ni»t Ih‘ the case if larire moulds 
rested on the lloo?* oi the foundry. 

lWsid«!S the larg»- and svuill fnrmiees 
and thf, ]>it, the artist would aKo le- 
<juiro at least one Id.u k aniliis’ foT£^o 
and a ptiwerfnl crane, not to meuli<*n 
drying .‘•tores and ]niggiiig mills, and 
store-rooms for various purposes. It is 
extrt»mely imlikely tliat the artist will 
lie in ]>os--e.ssit»n of suidi ]>remiM‘s and 
)>lant, it follows then that he mu^t, 
as a rule, eoiiNign liis I.irgt'r wmks to 
one of the eonimorid.il t«niiidries for 
exeeiition. Nor is tlu‘re any vi*rY threat 
havdshm in this. It is in sueh cases 
only re^^Mte fiiat tlie irreat lines and 
masses .should be faithfuJIr rejiroduced. 
Any delicci^ of touch that might be 
l»ut into .such Si \yo^k xvould be iistdess, 
because it could not be seen, and, there- 
fore, would not be mis.sed in thecasting. 
It occasionally does }uip]>eii, liowever, 
tliat such premises are at the artist’s 
disposal, and in this ease, the best work 
i‘? certainlr expected of him. 

Ihere are two princi)dcs wdiereby 
artistic bron^s may be ])vodueed. 
The one is that known as ** piece 
inouldiug,” and is identically the same 
as that emp^yed in making castings 
for machinery, &c. Continental ar¬ 
tists^ and Youuders call it vioi^ttge 


a la Fv'an^aisCf it having been bronglit 
lo grerit }»erfection in Franco, where, 
indeed, it j& suj>[)osed to have had its 
origin. The other process is that 
j known as “(Vra JVrduta,” or wa^te 
I wax pi't.ee^s. It is the more ancient of 
I ill*' two, and has been ])ra(tiM'd from 
! time immemorial by the artists and 
! arli/.aiis uf Italy, lloth metlnnls lia\e 
breii, and :\rv, slicco'.sf'ully em]doyed for 
tlie pioductiou of woikh of till* greatest 
size. 

There are reasons wbv an artist 
sluuild soiLielinies ]»refer one method 
and sonietime.s another. When a piece 
j of •seuljiliiri' is lo he ]>ro<lmed on a very 
I lai'ie scale, it is UMi.il for the arti.'*t to 
j make not only a caieful sketili, but 
al.'^o a mo«bd, U'^ually about life size; 
and on tills model he will bestow all 
his .skill and art; taking into a<‘cuunt 
the disl.iiue at which the colo^sil work 
will have ti) ho viewed, its height 
above tlie le\el of the si^ectator, the 
ellu4 of the atiuos]dieie ill diminishing 
il.s a]i]>aM‘Ut hulk, and in distorting its 
lin ev, the iiiliuenee of any surioumling 
ojfjnts, and more e'']ie» the valuing 
elicits of liglit and shade. When tliis 
model lias been careftilly completed, 
tlie work is then reproduced in ail its 
(letaiks on the Inr*.,e .scale. One ])air of 
liand.s will not .suHice for the jivodnc- 
tioii of so large a work, and several 
asMstant.s aie usually empb»yed, under 
the Mipirvi'ion and control of the 
master, who, working with them, is 
thus able to jiroiluee what is practically 
an exact eiilargeineut of Ids smaller 
inoilel. • 

Woiks on a colossal M"ile cannot he 
priiduced by the e\e alone, but must be 
tlie result of scientilic procedure. 1’he 
forms an; so large tha*t the workman 
cannot see the ollect ot what he is 
doing. If lie has to <Iesceud from a 
scadold 10-112 ft. high, and go perh.ajis 
bO-00 ft. oti; before*^he can get a com- 
])rehensive view, it is not likely that he 
will be able to correct any error which 
his e 3 "e inay«have discovered,•because 
by the time he has again a.scended the 
scaffold he can no longer recognise the 
exact spot that reijuircd alteration. 
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In tliefse larir^j works, anvihintc like 

iiulivilliijiljty of touch is at a iliscouiit, 

surfacft nuMloIlniL; is |U‘;K'ti<Ml!y ui^clrss, 

and artistic ellccL is alone realised hv 

• 

the r)i\ thin of hue, tiio harmony ol‘ pro- 
jjortioii, hy the skilful arranij;einent <d* 
inassrs of shadow, and hy the true rela¬ 
tion of each jdane to the rest of the 
nork. If this is aohic\ed, the result 

' I 

will he nil artistic success, not lo he ' 
cnhaiu’ed hy any anujiint of dch(‘ate ' 
manipulation, whicli \\ould he cutirciy | 
lost at the tlislance re(|uiivd for a coin- j 
. prelnuisive view of tin* wmk. It is, I 
tJierefore, \\\^o in tlie artist to srlecl ; 
that method ot ca.stiui; which, while it 
faitlihiily reju-odiices these e-s-nt iai 
(jiialities, adoiils the least ehaiice id inis- 

h:ii>, and ilie (greater t.n iJity for ladiiev* 
iiiii^ dis isf er. 

The artist who enters on tlie produc¬ 
tion of a Very colo-,sal work is in the 
]i(»siiion of a puieral openinsj a cam¬ 
paign, lie forms Ids jdaii and lays 
ilow'u broiully the line-, on whi<‘i he 
intends to piaa-eod : hnt he ^•annot fore- 
see all tin* chanci's of war, nor the 
varying iinddents whiili may oblige him 
to modify his plans if he would attain 
the reward ol‘ Ids I.d)ouiN. 

Thus it is clear iliat for sndi works 
lliere is no system of founding so good 
as tliat which gives most sco]>e to the 
founder, even if it W’<*re at the saciilicc 
of a very small degree of sharpness in 
the I'Mstings. 

With regard to sinali W'orks, however, 
tlie case is very dilfcrcnt, and exactly 
in proportion as these are small does 
the iinjiortanee of ^^elicate touch and 
suiTacu modidling increase ; not that llie 
other qiuiliti(*s are dindnisheil in value, 
for they are ju^t as important as ever ; 
but merely from the fact that the eye of 
tliG sppctatcu' is ahl(‘ to fake in on the 
small scale that which it was unable to ' 
ajjpreciate on the large. Many jicrsons 
who are unaccustoriied to look at sculp¬ 
ture int(;lligi*ntlv, and w'ho think that 
art means jdetures alone, would bo 
surprised to learn that t^jere was any 
diflereuce between the touch of one 
sculptor and the handling of another. 
For such persons a work is finished in 


]u*n]u»rtion as its surface presclits a 
p^)1i^hcd nniformity. This idea is fo.s- 
Icrcd liv the miserable cabinet bronzes 
■vvincii are turned <Mit wholesale by cer¬ 
tain manufacturers, ami are termed 
‘“art bronzes.” These arf* often cojdes 
of lino originals, but most of their value 
is lost from the fact that they arc cast 
111 many pieces, which are then joined 
togef her, liled, and chased up in a happy- 
go-lncky coiiiiuen*i.il style by a not 
o\er skilful artisan, 'fluis everv trace 
of fh(‘ original hand is oblitoiated, all 
that remains is tlie design, and even 
witii lliat lii)<*rtics are often taken, 
'i'iie turn of a he,id, the movement of an 
arm, are often varied acc(»r(ling to the 
cnn\eiiicnce or ignoiance of the titti'r. 

The oli ji'ct of casting statuch in lironzc 
hy pii'ce moulding is to dimimsh the 
risk hy t icilit.iting the process. It is 
olndously easier to cast a jiart th.iii the 
\vhi>le of .1 statue. Tins is the principle 
whiih underlies coinViiercial <*astings. 

an example take a figure representing 
l)iviiie Wisdtuu, standing on a tortoise 
snrroumh'd by waves, and snpjiorted by 
a liranch of coral. The first operation 
of tile iounder is to c.iit otf the head and 
arms of the jd:i-stei‘ model, ami the coral 
branch at its side. 'I'hcse are carefully 
replaced, ladng tilted with what arc 
known as Roman or box joints, whicli, 
if ]>roperly made, ensure in the most 
efi'ectual manner that thexarious parts 
shall not be mis})la<'e<l. 

The jilnster model thus becomes a 
compouml of five separate pa^'w, fitteil 
ac4’urate]y one to the other. This 
luakc.s the Work of the foujider much 
more easy and rapid. To mould and 
cast the head, the, arms, and coral 
branch, each by itsedf, is so simple an 
operation that nlmo.st any lad in the 
foundry could be entrusted with it; but 
to ca*>t the statue all in one piece would 
entail some rather oomjdicnted piece 
moulding. WJicn denuded of it.s head, 
arms, and coral branch, the trunk is 
also a com]>arativeIy simple object to 
mould, tliough there is in the.folds of 
thedrajiery a great deal of ]>ieco mould¬ 
ing which requires care and skill. The 
process briefly is as followsThe ^runk 
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of thft figure is laid in an iron Lox or 
iiask of suitable size, ami loosely iiaclvcd 
ill witJi the loam used by bronze 
fonndors. The ligmv bem;^ t,uly about 
half imbedded in tliis loam, the sarJaee 
ot Y.'hu'h i*^ earefully Jiresbed and 
snuudlied all around the niodid, tiie 
latter ]ivesents sinneuhat the ajt]iearaiu e 
(d a hts^rrlirf Tlie loam haek-grtfimd 
i-j then lisjhtiy and evenly |)o\\d<*red 
oviT uith ]nii tino-diist, 1\ eoj»oilnini 
*heiaui luueh uslmI foj* this jiurjiose on the 
Coutnient. The ohjeet of this is to 
jU'eveut <»ue ]Mntiou of the tnoubl troni 
a Ihering to another. 


tlie oiieniugs of the neek, the arms, and 
at the base, serve to keep it in position; 
witlumt this it would of eourse fall to 
one or other side, and thus jirevent the 
tlov\ of the metal. 

Opi'uiiigs must be ])rovided in tlie 
mould tor the admission of the metal, 
and for the eseajie of the air; but the 
A'ents ior the air need not ho so care¬ 
fully arranged hi ea.^ting on this system 
as in ea^'liiig by waste wax, beeause the 
lii.im is ^ely jiorous, and the joints in 
the monltl laeililate the c-eape of llie 
gaa's. i>y this ju’oeess the risk in 
e.tstinir a statue is redueed to a iiiini- 


The moulder then proroeiis to work ; mum; no small advantagewherecolos- 
oii the ]jrojei ling port lolls ol 1 lie liU'del, i ".il woik is coiuvrned. Nevt rt ludess, 
making sejiaratr' pieirs so thjtt tlu-y tan 
he withdrawn and riplaecd at will. 

When he ha*^ imule as many ]‘iei i*s as 
his judgment tells him are ie([ui-ite, 
he jdaei's anotiier iron ho\ m* llask upon 
the iirst, and liaving apjiiu'd the jiarliiiL: 
dust to the wor kf ii e maki'i of tlie same 
loam tlie eo]»e or «ase wlinh is to retain 
all thi>*pie('es of tlie mould lu ]H»sition, 
ami W'hifh is itsell held logetliev hv 
the flask, which is luendy an opi-n mm 
fiaine. The two ll.isks are Iheii turned 
over, and the first flask, witli its loosely 
^Kicked loam hining been lemoved, tbe 
freshly ovjiosed siile is moulde»l in 
the same manner as the fitrnier, and 
tlie cope or easi* is formed as before. 

Tlie tw’o flasks can now he se]iai’ated, 
andthe]iieccs of the mould n^moved one 
by one from the ligure, and aconrateh 
rejdact^f^u tlfc nmuld. This ifives a 
coiTwt imprint of tlie plaster model. 

Jf the mctj^w'ei'e cast irit*) this it would 
be quite solid, tnerefure it must be 
cored. Tbe core is made by tilling flie 
eavity of the mould witli the same hum, 
so tliat the figure is again rejn’oiluccd. 

As, Innvever, this loam figure occupied 
she entire <avity of the mould, it mn-t 
be pared down, so that an empt)* sjiace 
may remain between its snrfai'e and 
the interior of,the mould. This s]tace 
is that which will be occujiied by the 
metal. , 

Of course .s^ch a core has to be sup¬ 
ported by an internal iron framework, 
the ^ds of which, projecting through 


wJu'U the )iinii/<‘ IS cleaned Irnm tbe 
hiatn, it will be fouinl to be covereil 
w ith hues fr«'Ui tlie joiiils of tbe mould: 
it is also not unlikely to lie covered 
with a sort of haid skin, composrd of 
paUiolc.s ol sand whuli h.ivo ht en vitri- 
1im 1 the intrii c This skin and 

tlie‘# lines li.iv»* tu lie remove«l, aiicl the 
v.uiou.s jiait.s (.f the liguros must he 
jniiied tn.-ethei. Jt IS Very fiequeiil 1 v 
fouiul neecs'-ary to go iiver tlie iiitiie 
ligiiie Witli the flie aiid chaMUg tool, tit 
luiug tb(‘ wttik to one tone, and in that 
case i( is not po-sille fur tlu* statue to 

retain anv claim to he c<*usidered an 

« 

autograph woik. There can remain on 
it iio toucli of tlie oiiginal artist, ami 
tlie fact ('f his signing it, and evtui 
iiumberiiig and dating it, will not sa\e 
it from being merely a more or less 
e\<*clleiit co]JY, and not an original. 

nurse, if a sculptor cho.sc to do 
the idiasiiig and fi^.ing Jiimself he could 
do so, hut think of the waste of time, 
not to mention the fm t lliat even then 
tin* woik would ju'ohahly lose suinethiug 
of its original freshness ami spirit. 

This system of piece moulding foi 
bronze is admirable for commercial 
jiurjHises, and fur colossal w^rk it is all 
that can he desiretf, hut otliervvise its 
value is small, and a statue executed by 
this inetliud cannot be esteemed by 
anyone wiio^niulerstands scutlj^ture at 
more than a fraction of the price of the 
same statue if cast by the waste-wax 
process. 



MKTAL WOllK. 


224 

This wasto^waic process, so iiniin)>or- 
tant commercially, is alI-imj>ortant 
artislicallv. It is }>v this iio^lhod alone 
that a sculptor tMU pitsliuc oui^iual 
bronzes ill his own .stuiio, wit limit tlie 
drawbacks iiiciilciit.il to the ibrnicr 
]irocess of piece nuuilililiij, 

Jioughly speakiio^^, this process is as 
follows: —Tlie sculptor makes, til' plas¬ 
tic wax, all exact model of the work 
xvhich ill* desires to east in bron/c. 
ThU model must be hollow, llu‘ thick¬ 
ness of the wax beiug cxactlv tint in- 
temled for ilie bron/e. This wax inotlel 
is moulded, both iiisiile an 1 outside. 
1'he mould must be all in one piece, and 
xvithout seams. Tlie wax, tlierelore, can¬ 
not be withdrawn without destruction 
citliev to itself or to tlic mould. lint 
as iho mould must lie proseiwcvl till 
after the bron/c is cast, the wax is 
withdrawn Iiy meltiuj; it out. '!‘iic 
bronze is then ])oured into tin* cavity, 

(course, this is not so simple as it 
sounds, and yet tiiere is nothin*^ fa it 
that inav not be successfully <Mriied out 
by an artist in his own studio with 
small \vi»rks, that is to say, under life- 
.size. 

The first thinu: that claims attention 
is the wax. This must be made liardor 
lor .summer weather, and softer for 
winter use, nnles.s, indeed, fini artist is 
careful to kec]) liis studio alwa\s atone 
temperature. 'fliis seems a .small 
matter, but, nevertheless, it is of jj;reat 
importance, and much of <me’s comfort 
in workitc^ dcjietid.s on it. 

There are many ditlerent wax comjio- 
sitioiis, almost everv Ibundcr haviiii; hi.s 
favourite mixture. The chiefiingredients, 
however, are becawax and X'euice turjam- 
line. Some artists make use of no other 
ingredients and use no colouring matter. 
Most men, however, use in addition to 
the (above, rosin, tard, tallow, and ]dtch 
iu varying quanlitjcs. Excellent wax 
can he made either with or without 
these latter. Yellow wax is not easy 
to model in; it i.i therefore the general 
practice lo stain it, in ord'ir to get rid 
of some of it.s transparency. In Italy^ 
it is almost always coloured a brilliant 
red, with sulphide of mercury, which is 


entirely evajioratcil when tlio xv/tx is 
melted out, and leaves no residue in the 
moulds. AIui(>.st ariv ]uire x^egetable 
c(dour w’ill do, <»r, indeed, any colour 
that will l)urii wirlniut leaving a resi¬ 
due; this i-, easily t(*sted bv ]daciug a 
lump of the wax lu a small white clay 
crueible, closing the loj> with a cover, 
to prevent any dirt <jctting in, and then 
buniiiig away the wax. Whim the wax 
appi'ars fo have been (‘cju.suined, gradu- . 
ally rai''e the femjierature to a cherry- 
red lu‘at, and then let it cmd d»nvn. If, 
x\heii the crucilde is ([uite cool, X’ou find 
it also quite clean, without any residue, 
vou mav be Mire that x'‘»ur xvax is good, 
and tiiat tlie jpigineut used is perfectly 
.sflfc. 

lla\iiig )>rej)aved the wax', and satisihsl 
liimstdf that it is of tlie iiglit ipiality, 
the artist proceeils to construct his 
model. Ht‘ coubl make tlii.s at onee in 
xvax, and thi'ii cast it, but iti e\ent of it 
failure liis work xvouhl be lost. As 
tliks is undesirable, he usually ju'oceeii.s 
exactly as if the xvork wore to be sent 
to a founiliy, and liaviug prepared his 
jthister model, he. cuts it in ]»iece 5 and 
moulds it in jdaster, inakiug safe moulds 
of encii part. Fnmi these moulds the 
hollow wax models are pruiluced. Of 
cour.se, it IS far better for the artist 
liini^idf t(H'e-toiich these than that they 
.sliould he so treated by any other 
pcr-,on. 

Tiiere are various ways of producing 
these xvax models. Some artists cast 
tliein liy jiouring the nieited-rf-.Vlx into 
the mould, iu which a core has been 
previously jdacod ; others life <iut the 
mould by squeezing into it .sheets of xvax 
that have been prcfiared so that they 
easily take tlie required im})rcss. Otheixs, 
again, brush the liquid wax into 
various jijirts of the mould, and having . 
thu.s satisfied themselves that the sul^ 
face is everywhere covered with a thin 
layer, they put the mould together, and 
fill it with melted wax, which, after a 
few seconds, is emptied out, leaving, 
however, an equal layer adhering to the 
former coat. This operation may be 
repeated as often as desirable; each 
timeMnereasea the thickness of the tvax^ 
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and oou.soi|ut'!illy of tJu* l>ronz«, Alakinj; 
th<' wax cast sscuiids asimjdt; Jiiaitfr, and 
vt>t li IS ahno.'ii, ihe most diillMiit tlinox 
cnniicctrd witli the wa.sle wax ]»ro<e‘'‘». 

In Italy, \\ iuTO this sy^'lem i'. much 
practised, ne.’irly over}’' /(/rmifinre c.\u 
ii;i‘t out catiis, Imt. hcie it is dif- 

tcrciil, and the s<*iil|)ter will ]H'iili:ih1\ 
h.iM' to train Irs inouMiT. It nn-velv 
kn.iek and |pia<tj<a\ a?al anv inti lliircnt 
jiinnlder w ill ^oon sjot intellu* way«»t it, 

Lxtivme .sliarjuic s of imjpressMH is 
imt so very iiniHtiiaiil, ti.oui^li llial vif 
Ioinso (‘oinits toi sonu'lInn-; ; hut ii 
<;i-iitd‘.dly jm ftr.ihli* to wiuk* the w.im s 
cntiroly o\er, and ni>t<.id i<l nnndv le- 
t«»iichiii'/,to fiTii'ij the woikiii the wax. 
3t is the inside ot iiie U,i\ cast tiiat is 
xery imjKutaut, hei.iuse li should ]i.i\e 
a)Jioi»er t liM knes> of w ax ine\er\ )».u*t, 
no none and lu^ le.s«. It is sale, liow- 
over, toiiave latlur too lieaw than too 
liS^ht a east, as thi^* is no \ itrei>iis ^kln 
lornied h> a thi» lTea!»tinir, as js iisuallv 
the ease when the jdece mould system 
is ein])l?^j ed. 

'Die xarious ]tMts wliuh eonniose tiie 
fij^ure liaxMin^ been urcjiared in wax, it 
IS the ]iart of the artist to jtun tlieni 
to-^ether, and finish the work in x\a\ 
(‘x:u‘tly ns lie wishes tiiat it should 
a|)|ie:u' in hronxe. ']‘he wax, liein^; 
indlow', mn'‘t bo moulded or cored ou 
tin* in.side. 

Jt the woik is a verv small one, say 
18 in. \()u may finisli tlie wax 

first, ai^ then |Hit a few^ wires thrt>n*_^li 
it at varJ%ij} jiomts, xvhieli serve to kee|i 
the eoro in idiioo; yon viUi then |>oiir 
the liquid |^»re into the wax model, 
which will ho stuun; enou^li to lesist 
the pressure duriu*^ (lie few' moments 
required for the material to solidify. 

If, howa'ver, the wi»rk is iiiueli larger, 
the wax xvill not have strength to siiji- 
port its own weight, much less the 
internal pressure oi'the core. In such a 
ease, it is recpiisite that the core be cast 
heloro roinoving^the wax model from its 
mould. The plaster safe mould must 
m this cane be so consti'UrteJ that it can 
leceiye and l^ld in jilnee the irons 
which sujjport the core and retain it in 
position For this purpose, holes mUst 


be made through the walls <d' the safe 
mouiil tr(* ]>eriiiit the irons to project, 
'J’hey must afterwards be held by the 
x\aUs of the wa'^te mould in which the 
bronze to he (a-*t. 

The sate mould then, hidiig lined ti* a 
; jiroper thukness witli wax, and having 
i the lore irons in jMtsition, is tilled uji 
i with the li({oid < omjpobit lou used for 
j eonng. The usual mixture ib plaster 
■ .uid hru krlusl ; si»me Use (ithor ingie- 
'io Ills,nuleed o\er do/eu hax'e all 
, Im'cu Used ior tliis purjjosi-. T)ie j»ro- 
I purtmiir. ail xi'iy v.inou>, some recoin- 
j nn-iidiiig hnekdnst arul j'laster—ainl 
I others j^Mpiiokdust to ] jdastci*. 'Jhe 
, tndli Is that these niaterjals X'ary so 

•I 

‘ min h in tin ir iharacter that tliosc pro- 
]>ovtH)iis width are qnitt* sulisfactnrv ill 
I eiio locality are wortidess m aiiotlier. 

I It l>est to un* as htrle jd.ister as will 
siilllie tu liiii'l the maten ils tngt‘lher. 

I The lore, being snvioundepl hv liquid 
! hvon/e, is under comlitioiis exactly op- 
]M>siit.* to those <»f the mould which 
I contain', tlie metal. The mtion of tin? 
j metal is excited to i‘ompreKs the core 
and to hurst the mouhi. Moreover, its 
greatest bin sting ji«»wer is exerted 
w lulst it Is in a state of perfect iluidity ; 
wn setting, it contracts, ladieving the 
]‘ressure on the mould, and pow’erJ'iiilv 
coin]»iessing the core. If the core i’« 
too haid and unyielding, it is certain 
to crack tlie bronze. It .sliould l»e w'hat 
IS technically called “]mlTy,” tiiat is to 
say, somcwhiit easily compressible; ou 
the other liand, unless it has some 
wntilation to the outer air, it .shoubl 
not he too ])orous,*or it will generate 
gas too rapidly by contact with the liot 
metal. In coves of considerable size it 
is always safest—iinleed, necessary—to 
provide some means of escape for these 
gases by venting the core. 

When such a vent or “lantern” is 
used, the core can be made more .spongy, 
ami cousHijuently more readily yielding 
to tile compression of the cooling metal. 
It is, hoxvever, a fact that, while moileru 
practice amplf^ justifies the tUc of a 
core-vent «r lantern, the large.st works 
cast by this method of W'hich we have 
any historical record w^ere all success* 
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fully cast without any sncJi ]>rcoaution, 
nor is then* any nioutiou of such a 
practice before the latter half of the 
j)rpseut century. 

The wax iiiodei wifii the coi’e inside 
can be kept for an indchuite litne, and 
thus the artist lias ainjdo opporluuily 
to work on the wax, and brin^ it ti> as 
higli a <Ie£rive of perfect ion as liislalents 
will j»erinit. When, however, he desires 
to cast it, his first care must be the 
arrani^enient of llic jids aJid vents. Tlie 
jets are tu]>o.s destined to ilistribute tin* 
inelal thnuiehont tin* cavity of tlie 
mould, and the vents are otlnu' lubos 
which alVonl an exit, fu tlie air \'i>lcntlv 
e.\})ande<l and dis])laced by the inolten 
bron/e. The jets are coinjiaratively 
uninijuwtniit, f«»r Ilje bronze, fullowini;; 
the laws of lluids, will certainly fill 
ex'ery part <tf the mould, ]»ri»\itb*il the 
air ollVv.s no obstacle to its pro< 4 r«*s-.. 

It is, therefore, usual to have more 
vents than jots, and thov shoubl he so 
piaccil that wherever lliere is a or 
pocket fjruied by the coiifieuratMu of 
the mould ill wdiich tlie air mi<;ht be 
imprisoned, there must also bo a vent 
jirovideil for its escape. It. may beeiii 
strauijc, but i;rea(er attention is needed 
in tliis respect in small than in lari^er 
work.s, because in a lari^c work the 
metal does not set so rap'idly, and tlius 
givo.s time for tlie air foescajie into the 
pi»res of the mould, w'liil.st the ]»ressurt» 
to do so is much irreater. In any ease 
the labour of jdacing these jets and 
vents is but small, and as their imjxud- 
ance is paramount, the best advii‘e 
always w ill be “ \Winn in doubt jmt a 
vent—put a dozen ratln r Hum run evtm 
a small risk.” 

Piece-moulding in loam does not 
require the same attention in tlii.s ]!ar- 
ticular, us tlie joints in tlie mould a<*t 
as a coiuplelc network ofvcnt.s. This 
seems a very greqt advantage over the 
wax process, and so it would be were it 
not that Hie method of jilacing tliese 
jets and vents is so easy and simjile that 
it invoWes but little skiV, and i.s easily 
done by an assistant. The artist need 
not lose his time over it, beyond deHaing 
their positions and relative sizes. 


The jets and vents, being merely a 
sy.steiii of tubes leading from the outside 
of tiie mould to its inner <*avity, become 
ofconr»e filled with metal, which remains 
as solid rod-s attached at one end, W’hile 
tlie other end i.s free iu the air. All 
that is therefore needed is to make rods 
of wax <if the required size, and attach¬ 
ing them hy one end in their ]>roper 
position on the snrfaeo of the xvork, 
btmd tlicm iiitii llio reiiuired curve.s.^ 
As, however, itwfoild be incoux'eiiient 
to pour through more than one jet, it 
i> U'siial tojoiutiicm together in groups, 
an I to lu ing tlu'se again together to 
one main jet, wliich leads directly tVom 
the lia.>in, or *• ..ow,” inti» which the 
bronze ii jioiu.m] Hy^tliis means, the 
bronze flow's from the main jet tlirough 
all the subshliary ones to the difl'ereut 
parts of tht‘ iimuld. 

The vents are treated in exactly the 
same manner, except, that they do not 
j u'^ually i*iid in one’main duct but iu 
; several, as may be most coiivenieut, nor 
j d(j tliey lisc to till' basin, hut boiiie to 
the open air at tlie tup of the mould, 
outside of the sp.ice occujiicd by the 
I pouring basin, 

Jlchides thi! jets and vents there are 
other rods of w^ax xvhich are called 
draiu.s or spouts; tlie.se are placed on 
tlie loxve.st portion of the work, and lead 
through tlie thickness of the mould, but 
slanting a little dowmwards to tlie open 
air. 'fheir objei t is to drain aw'ay the 
wax'W'iiere it is melted out, after which 
they have to be. securely stii^^^eretl up. 
In x'cvy small wmrks drains arc entirely 
omitted, and tlie mould is n^pndy turned 
ujtsidc down to allow the wa.\ to run 
out. 

There are two principles of pouring 
bronze, eaL:h of w'hieh has its advocates. 
The one is the <le'^cending and the otlier 
the ascfMiding principle. In the former 
the bronze i.s cast directly into the 
cavity from above, as slioxvn on Fig. 198, 
w^hich i^ not designed Wi rcjirese.ut any 
jiari iciilar w'ork, but merely to illustrate 
a principle. d’y this meUiod, the 
bronze enters through ^11 the various 
jets,and gradually fills the mould until it 
reaches the top. In the second or ^ficend- 
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iiviuci|»lo, ;is shou'n on Fi;^. 100, 
tiio jets are taken down U> tlu- 

lu'ttoin <»r the mould Indore tliev are 

V 

allowed t<» (‘liter its ea\ il V. TJie iuei*!! 
of course rises to its own level, llius iill- 
iiii^ the niould%Voiu the bottom. 


the molten metal, eausinej tlie latter to 
boll iind wonk, and tlierehy oiidauc,eriii^ 
the dclii'ate aiul flail inner stii face of the 
iinuild. M<»ico\er, the stnjain-ol iiietai, 
lKi\iiig united at the liottoin, must vi^e 
and ]MSS a^am over the surtaeeofthc 


1U8. 



^X^*eseehdintr process. Asceudiiig ln*ue^^8, 


'Die di-advauta‘^es of the descondiiit^ 
or direet intThod are tliese. Wlien tlie 
hntn/i» is east, it flows directly into tin* 

4 • 

inoiilj ill numerous streams, which 
tiicklc over tlu* core and o\er the sur¬ 
face of the mould, makiiii); a ^n‘at 
ainoniit of atmosjdierio disfnrhance in 
the eavity. Tliese streams unite at the 
bottom, and then the mould ]ieij;ins to 
fill after the air i;ontaim*d in it lias been 
healed and cAjianded to the utmost; 

it is.more than ]ir«bahle tliat jmr- 
tions (>f air cagght hetw'ceii two metal 
streams may be dragged along and forced 
to escij[>e by bubbling upwards throirgh 


iiioultl liefnit* it can^ie conijdetely filled. 
In the asi'Midiiig |•rinci|^le, the streams 
(»f iiu'tal |)ass hai‘inh‘ssly lo tlieir lowest 
lev(‘l iK'fon* entering the caxityof the 
mould, thus its surface mniiot he hijnrcd 
hy the downward rush, and the air is 
not lirought in oontnet witii the metal 
until it begins to risejn llio mould. No 
paiiicle of air can Ix'ooinc eijtra])])ed, for 
it is all ahiive the surfaee of the rising 
bronxe, wifli a fn'e (‘\it through all tlm 
vents above, tlw'ough wdiich it i#fo'r(:od 
hy the jiressun* of the rising bronze, and 
by its own enormous expansion, which, 
liow'everj cannot be so,great or so sudden 

Q 2 
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as when tho iiu»tcil enter.-; from above, 
riiercfore, ulwa^'s east on the a-iccuiling 
pi'Lncijile, 

The aiel vents liavini; bc**n ar- 

Vaiijjeii with due eoiisiilera!ion, it b^*- 

eojnes neep.ssarv' to tiiiiilc of tiie Jii»>\jh!, 

and to (-(nisiiler ibiMjualitie^ to he .s<iii‘^ht 

for in a niouM for hioii/t' (*as(iue;. In 

the (list pl.iee, the material u.si‘«l must 

be one that is easy of appheatiuU. ami 

of a nature to lesist the intensi* heat to 

wllirll it must t)f lieee-.sitv l*e suhjeeted. 

It must also nut l»e antaijjouistie tt) the 

metal, u liieU w ouM jjtherw im* \h* juii t«'<i 

vioit'iiily from tlu‘ jets and veut.s, hi'^ido^ 

whieli it Would eertumlv viehl ;« blunt 

and bail im]»re.ssion. 'fbere are immy 

reripes for such moulds extant ; almost 

overy<uie wlio jiractises this art Ij.is his 

faV(»urite mivtore, nuieeniiniT which 

inueh secreev is o]>M'rved. There i-,. 

« " 

liuwevej*, no threat secri-t about thi^ 
matter. Many of tlie-^e moulds, es¬ 
pecially those of lav:^e si/.e, wbicli, of 
e(»urse, have to emliire the mo^f heat, 
are made of or poVv, as it is iii- 

<litlerentlv called. Tliis is uotlniiEf more 
than a inixtiirij of which the liasis is 
fine loam. The loam mav be nntuj'al 
or artiticial; tho wlode .secret consists 
in purifyini^ it sudl(Mently, and in «::rind- 
iho it verv fine btdbre iim\ Tlie in.itt*- 
rials mixed with it are fire-clay (burnt 
and j^roiiud to an impaljiabb' junvder), 
emery, rofltm-stone, baminerM;ale, iJwc , 
&c., the only object beiu^ to obtain a 
M*ry fim‘ and liro-n»sistui^ ]»o\v*ler. 
Old crucibles poW'lered uj) are Jn-^hly 
recoinmeudod by no less an authority 
than (NdliiiL Soln^» material lias also 
to bo nsoil that 'vill }>ind this powder 
toi^eflier. The celebrated 1‘onnder, Jc.iii 
Jialthazar Keller, used white of eij>^ and 
horse-dutii;, Cellini ]irofen*ed rotten raos 
and eow-duns!:, Tiie result somrlit for 
and attaincMl in cither case w'as t lie same. 
The body o£ the ipould was eoiniiosed of 
a very fine flrc-rosisting jiowdcr, held 
together by some (itber refractory 
body, the result of wliicii was tinit the 
mould^^ when tolerablyi dry, xvas firm 
and solid enough, but W'ben exposed to 
a great heat it became very friable and 
porous. These moulds took a long 


time to Inakc, but the ojicration was not 
one that reqnirod great skill ou the 
]»arfc of the workmen employed. 

Tliis is the method of construction:— 

A suflicient quantity (>f the material 

li.iving been prcp;u*ed of the requisite 

dci^rce of purity and (irmiic.sN, a Miiail 

([iMutity of it is ]ilacetl in a mortar, 

:ni«l grouml uj) \mtii it becomes of the 

smoothness and consistency of oil jtaint. 

Armed with a soft bristle brush, and 

with a pot of tills ])aint, the assistant 

jnoceeds t(j i^l\o the work luie com]deti* 

<-ojit — an even, tiiin c(f.it, just as if he 

w i^bcil to c4dtoir it. This is jiMuwed 

Imo* to <lry, when, i‘‘ it has been l.ml 

<)!! fjiiiilyand evenly, it wdll be Aniiid to 

have dried w it liont a crir k. A second 

coat, is HOW' ianl on in the same way, 

and with the •■amc care, as thinly as 

¥ 

]»o.ssib]e. TJiis i'' aijain allowed to dry, 

d SI on fo about dt) coats. After the 
first 5 or it ( ‘atsA^^h^ wever, a portion 
of c<)W-hair i ^ be worked into the 
Itaint, and it may be spread a little 
tlucivcr. After alauit .dt> co.\ts liiive 
been given, there will be a thickness of 
abtnit ^ in., and the mould may now be 
completed )n* building up in tbicki'r 
lavci's until a suflicicnt .strength is 
ofitanie<!. Tlie mould must be hoope4l 
about in all tlirectioiis with iron bands 
to .strengthen it. After this, it being 
apparently pietty di-y, a teinjtorary kiln 
IS built round it, and a gentle lire 
kept uj» until the wax fbiw.s out through 
tlie drains before mentioned. A con- 
siderabb^ quantity of w’ax be lost, 
but some of it may be saved by jdacing 
tubes at tho drains to leadi^H outside the 
kiln, I'his operation is usually, but not. 
invariably, conducted in the pit beneutii 
where I lie metal is to be melted. 

When tlic wax has censed to run, tlie 
fire must be let out, and the kiln fiikeii 
down, in order that the drains may be 
stopped. These must be jiliigged with 
great care wdth the same material used 
for the mould; the kikiis then built u]) 
again, and the firing is curried on a.s 
before, until rhe wax baa been com¬ 
pletely di.ssipated* W^eu there seems 
to be no trace of wax left, the fire must 
be still kept up, and indeed ur^ed ou. 
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until the mould and cove arc both of a | 
line cherry-red, after whieli the lire 
inav be Jet *)Ut, aud the whole allow ed 
to cool .slowly down. If the mould is 
at the riijht heat, it can b(‘ seen <ni 
l4»okmg dtwvii ^hi! openings of the vents 
aud jtds, or on }>utting a piece ol' tarred 
rope down, when it will take lire if the 
heat is right. 

The kiln being cool cnongh, it must 
))e ]uill4‘d down, and the pit must be 
Idled up with line <h*y eaith, juvssed 
tiriidy and evenly all n»mid the mould, 
so tliat the loi> alone, showing the 
iilMMihig'* of the j(ds and vents, is visilile 
the ground. Ih* the work small 
nY large, this ]>voeess of living is e\- ! 
aellv the same, onlv tliat a mould for 
a ^e^y small ligure tan be lired in 
ai/oul 8 hours, i^nd a statue ma) take 
o weeks. 

Foi small works it is not advisable to 
Use a lufo mould, ^’om]io is (jnite good 
eiiougli, any mixture ofwliich jvlasler 
and hrickdust are tic ehief comjionents. 
Many f^iuders use for tlie moulds ex- \ 
aclly the same Ci»ni})osilion tliat they 
Use for the core, and it saves trouble to 
do So. Jt i| better ]>ractice, luiwever, 
to u>e a somewhat stronger compo for 
llo mould. Some ni.iko an inner skin 

I 

to their mouhls, of a ch».ser and harder 
coni])ositiou than they use for the 
haeking uji, and this is in accordance 
with theory and good practice. Ihit 
niile.ss tile heat is carefully regulateil, 
these lavers sometimes sejtarate in the 
hring. t^wilf su]>jK>se, hoxvever, that 
the work lias been successfully ilied, 
and is in th<^]iit earthed up and ready 
to ea.‘?t, 

'i he next consideration is the furnace. 


fills may be made in inanv dillorent 
fonns. 


, rii’st jii jiowor and cajiacity is the 
’■evorheratory furnace, with its saueor- 
sliaju'd liearth, an<l its tlat-doine<l roof. 
It may lx; made of every varying si/e, but 
it is inconvenieut wdicii iruule for small 
cliarges. These fiirnacc.s are a very 
ancient invention, but fiiitil the end of 
la'jt century tjjey w'cre m.ade without 
any ehimiiey,the draught being supplied 
through two or three long trenches, 


with tlu; aid of wind-sails. Modern 
jiradice has disjicnsed with these last, 
au<l added a tall idiininev, besides 
llattening the dcniie of the roof very 
eonsidcrably. 

Tlu* furinue mo‘<t suited for small 
works in the artists’ studio is, however, 
the common air-furnace for erueibles. 
This funuice is chcaji and easy to build, 
and takes U)» but little room, it is 
usual to buihl a row’ <»f them in tin* 
fi»nn of a low* wall along one end of 
the workdioji. The usual size takes 
a (rucilde with a iliargo of about 
Hu ll), ol‘ metal ; this is is'isily lilted 
out liv one man, Jl* more im tal is re- 
(juived, sexeral (rueiblu.<? am junired at 
once. Tiiest* funia<*es are, howexer, 
sometimes made of much greater size, 
and I rm ibles are used wliicli will take 
luuu lb. ofmeta! ; Imt these, ftf course, 
are md Jikidv to be used l»v aiti.-ts 
very Iretjuently. \'ery convenient, is 
a portalde furnace, cxaetlv' suited for 
aitistV oce.'isional um-; it will take a 
charge of IlL' lb.* (|iiilc enough for a 
MiialJ bust, or a sketch, ov statuette. 
Fig. -HO slmwsan ide.al fouudrv in sec- 
tion: A,]>it ; n, entrance to pit; r, slied 
or store omt stairway; i>, <‘rnciblo 
furnace; l', aslipit with gratings; F, 
lirebt'X of rexcrlterator ; (J, heartli of 
reverberator; li, chimneys; i, flues; 
K, xvall of foundry; J*, cross-lieam; 
Si, foundry crane. 

The metal raoNt suitable for artistic 
w ork is an alloy of copper and tin, cither 
witli or without the addition of zinc, 
lead, or both. The mixture used by the 
Kellers was, eopitef- 0l‘4; zinc r>“511; 
tin 1 ■ 7; lead 1 'liT. Hopper S7'8 ; zinc 
ti-h2; tin r>‘l; lead H 58; gives also 
a Very good metal. '3'* 

gives an excellent bronze. An equal 
quantity t»f yelloxv brass mixed with 
lliis gives an excellent and easy-flowing 
metal. UroDze is usiyiily considered to 
he improved in colour by using zinc, 
and lead is su]>posed to aid it greatly 
in flowing. Tin gives great hardness, 
and when the ;«uoitnt of tin use4^is ox'er 
-0 jter cent, the metal becomes useless 
for artistic purposesi A bronze com¬ 
posed of copper 3-4 per cent, of 
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till gi\i*s nn cxct'llt'nt nntl Leaiitifully 
ml metal. Thiti alloy, however, when 
!isod in small iiuantities, is a|il to jn-ove 


than those alloys which contain a <’on< 
siderahlc amount of zinc or lead. 

The operation of liriiif; is very simple 






rather slnggiih, a’^d requires more nice If the crucibles used are those known 
mauagCiment as t^> the degree of heat as the Salamander brandj tlicre lire 
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|n'C(’;iuti(ms to Ih* observed. The crui.*i]>le 
st.'iml is ]»laco(l on the burs at the iMdtoni 
of tlic einpty furnace. The of 

fliih stand should bo such as to hiin^ 
tlu* lop of the criuibli* \l in. Iielow the 
throat the ftiruata*. Tlie starul should 
have a thin layer of aslies on it, to 
prevent the ciuciblo sticking to it, 
'J'Jien put. in ns inueli metal as the 
<•1*111 ihle will <‘<vutaiii, and cover it over 
with a proper cover: thiow or 
shoveli’ulis of live co],e into the furna* e, 
and (ill xi]t all round y»'ur criK'ildo AMth 
good clear broken coke up to the level 
of rtie crneihle toju PI.me some laur** 
pieees of c(»ke on toji, taking care that 
they do ii<>t get in the throat of the 
fnriiiicej and so cluike the drauglit. Put 
on tin* cover of vour ihrna 0(5 anil draw 
<uit the flamper, an<l lire as liard as 
you can until you tind that the metal 
ha'i niu; tlnui add in(>re and move hy 
degrees until y(^^ have a full <‘harge. 
Some keep a tnick layer of charcoal 
dust <*n top of tlie metal, others do not 
take ?iny precaution to prevent the 
funnation of dross, Most jierson.s, how¬ 
ever, add a little liorax, which j>owor- 
fullv (deanscs the metal. It must be 
wtdi 'skimmed o{f bei'ore pouring. 

When the metal is ready to be with¬ 
drawn from the furnace, the coke, must 
be cleared away from tlie pot, so as to 
make room for the crucible tongs. 
These arc ])laceci over the pot, and kept 
closed by a ring. The pot is then lifted 
vcrti^lly by one or by two men, and if it 
is n is ]>oured at once out 

of the tongs, but if it is a large one it is 
]>lnced ,iu receptacle called a cradle, 
which is carried by two or more men, 
»Soinetimes it is pemred into a haiul 
ladle, or shank, and thence into the 
mould. This is not, however, usually 
done unless the contents of several 
criieihles is required, and then it is 
better to form a large basin, or core, at 
the top of the mould, the openings of 
the jets being,cloBed with jdugs. All 
the crucibles should be jioured into this 
kasin before drawing the ])lug; this 
ensures a cle|n casting, as all impurities 
float on the surface, and are not carried 
mte^the mould, When tills basin is not 


used, it is of the utmost importance 
th/it flic bronze should be thoroughly 
skimmed. If the metal runs down 
quietly, and rises up in the vents till it 
readies tiio surfare, it is a sure sign 
tliat the nmiild has filh*d ju’operly. If, 
on the other hand, it makes mudi 
noise, nud, worst of all, if it s]turts an<l 
.'Splutters ill going ii<»vvn, and dot's not 
n^e up again iu tlie vents, it is certain 
that the casting is a failure. 

The numlds for feuuill—indeed ftn* all 
~\v<trk slioiild be lirtdvon tiown as sotni 
as )»racticable after tiui metal lias set, 

! I)ut great care must be used nut to 
expose tlie stiiiace of the casting too 
soon, for while it is red lioi bronze is 
pxtri‘iuel\ (ragile and liable to injury. 
The statue, tni being freed fnun its 
mould, will ht< found with its .syst<>ni of 
ji'ts and \ouis perfect as tliey were made 
iu wax. 4 ’lu‘se are thou cut ofi'with a 
saw* as ne:ir as c(>nvenient to the siirfac** 
of the statue. The figure is then well 
biuidied with wire brushes, to remove 
! all the ]iarticles of the mould; it is 
then })Jaced in a bath of very dilute 
acid to pickle, as it is called. This 
cleans tlic surface of the metal very 
ctniipletely, and the artist can then 
repair any little ilefect that n'lnains, 
as, for instance, the places where the 
jets liave been and the like, after which 
it is usual to give the work its jialina 
or c(»b>ur, which is produceil by the 
action of A'arious salts and aeid.s on the 
.suiTa<*e of the bronze. A great variety of 
tints are obtainable, and in the selection 
of these every artist will, of course, 
exercise iiis ow'u ^ste and judgment. 

Although there arc, both in England 
and abroad, e\<’ellont statue founders, 
wliose work leaves nothing to be de¬ 
sired as far as the <frdiuary run of 
bronze work is concerned, and who are 
even able to go cousideiably beyond the 
average rectuircmeiits of coniincrcial 
sculpture, yet it iS a matter of deep 
regret that autograph wctrk iu bronze 
is almost non-existent in England at 
the present ijine, Sculptors ^sevl, even 
in this country, to be their own bronze 
founders, and that at no very distant 
date, I 
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Jf artists he iH'vsnadcil to l>p- j 

ofiinc once more iheir own foimdors, as \ 
far, at least, as small works an* con- ; 
corm'ti, I (!i> not think that it wonltl he | 
a matter f«)r rc^iet even to tin* inauu- ' 
la<?tnrers of cahinet hronzes. TJiese | 
wonlil still eommantl a lariije sale, as the 
autograph works ]n*oiiiK*eil by artists 
wouM of ne<Tssity he higher in jiriee 
and few in inimlx'r. It may he ohp ett*d \ 
that bronze ea>tinjj is not an artistic ; 
hut a mechanical eiuploymeut. A«^ainst j 
this view of the case 1 must earnestly 

• I 

jirotcsi, a-S mv own evporience is tliat , 
hmnze c:wtin<; requires <|uite as much ; 
artistic j^kill as mailde caivimj:, and | 
that neitlier tin* one nor iij<‘ other ; 
should he in other hand*' than the 
artist’s own. (ti. Sinmnds.). i 

It is necessary, in tlie wa\ piocesb, | 
that the mouM shall he liot, hut it is 
not mad«* hot on juuqMisi-; the hioii/• 
is pouied in as Mniri as t)jo mtuild is 
eon! eiions^li. In small castiiv^q tlie 
hotter it Ls the hett‘*r, so that it i< not 
red-hot; in lari;(* castings it should he 
]irettv cool, heranse tin* )>odv fd' metal ^ 
heilli; so l:iri;c, it heats tlic mould sei 
much, that ii it wore too hot at tirst, it 
would produce sandhnrn on (he surf.ice. j 
The joining of the jiieces is ilono hy the I 
box-joints already described ; a small ' 
rim of metal is left ^tandimj at the 
edge of each joint, and uheii the t^\o j 
are fitted together, these little rims | 
arc ficrewed or riveted together, and j 
then the metal is worked down with | 
punches. Sometimos they are burned to¬ 
gether. In order lliat the colour may 
be uniform, it is ne(y*s^ar 3 ', that, when 
casting a subject in many jmrls, tin* ^ 
whole of the metal sliould lie mixed at * 
once, whether it be cast all at once or 
not, so that there may h** no mistake ] 
about getting the same alloy each time. ' 
The greenjfjtii/iaonstatues is usiially 
given by some acid or salt, sal am¬ 
moniac balng gencAilIy used. The sur¬ 
face is ficralchhrushed and cleaned oil' 
as perfectly as jiossihlc, to get oil’ every 
jiarticlciif grease, and then a .strong or 
weak fiolution, according ^to the colour 
desired, is stippled on with brushes ; if 
the statup be >vann,(so rr^uch the better, 


as it makes the cvap<walion quicker. 
Some jjuUnas are ]u*odnccd by heat. 

It is a very complicated subject, and 
one on whicli very little is known, and 
cniiNequeutly the results are v.iiious 
There seems no Bcieiitific flcciiraey about 
it. The ('liinese and .lajKinese j»vohably 
know more alamt it th-iu we do. 

In some cases, a small ])iece is cut out 
of the wax mode! for the introduction 
of tlie core, and is afterwards fitted on 

' ^ I 

again. In larger wtirks, (jpeniiigs must 
i>e left to get the em'e out, as it is not 
desirable to Ic.ivl* it in. That is one 
reason whv large statues slmuld not he 
ca^’t in (»ne )'ie<e. A coh»‘-sal figure cast 
in wax in one [»i(‘ce .at l*.ip]>i’s in Fln- 
renri*. tlu* lu iglit ln*ing I’d ft. 4 in., xvas 
a ^erv large and ditlicult \V(»rk to ca>t in 
<uie jdetc. In order to get the c<iro 
IiMus (iut without injury, little boxes 
iiad to he made here and there, with 
IuIn, aiiil tlu>v<> instead of being put 
h:u k into tiieir jdaiTS and closed up. 
Were attarlieil l>y little jet.s and vents 
(d tioir own to the casting; tlfen the 
core irons wer** got llirongh (lie ojien- 
ings, and laeh little lid was aftcrw'ards 
fitted into its ]dafe, atnl all tlutse joints 
had to he clo^ed U]). It soenis just as 
well to liave the .sfatimiji several piecco 
fitted with a good h<»x-joint. 

Jn a large statue t)ie cores add very 
much to the weight; besides which tJjc 
core miglit ahsmh moisture and freeze, 
and cause cracks in the .statue. Tiiis 
has occurred in some hron/.os at Venice 
wliere tiie core liad he'eu 111, In 
small artieles there is no objection to 
leaving the cure in, cxecpjj the addi¬ 
tional weiglil, w hieh would not he great. 

As the proper thickness for the 
uK'lal, in largo work the thinner the 
better, in small work it w’ould be ilifli- 
cult to cast if they were made too thin. 
What is v<*ry thin for a large work 
would he very thick for a small one; 
and small works are generally much 
I thicker in jiroportion Omn large ones. 
It i.s very ditlicult to get a uniform 
thi(;kuess throughout iftlic w\ay is very 
thin. A casting no ti^icker than a 
penny would be very thin. The thick- 
uesit is gevernud bv the sCiyface ^oyer 
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vliic'.h th<' iiH'tul has to run. Jt wouhl 
not do to 1*0 t(»o Ihin, or llu* inolal 
wouKl chill hct'on* tho siiriofo 

wascovoivd. In tlic Wellington inoim- 
inciit, tho iiu'tai is a])out m.; in tlio 
Sphinxes in., because tliere is n irreatrr 
Miriiice for the metal to nin over. In 
iKo ]>eaoons(ield strituo it is ahoiit Mn.; 

o • 

hut ill Some )»ortions in. Sfinir )»or- 
tions <jf a statue m.iy he alnm^t solid, 
uliero tluT*' are TOM', in tin* diaperv 
not larije cMion^li to eet o <*oiv in j»ro- 
perly ; hut it do»*s not di» to < ast too 
many )*arls thiek, or in coolmi^ tiiev 
will* draw away from liio tiiinioM* ji.irts 
and break. 

(h) Tlie method of makint^ nuuilds 1i>r 
the jn'fJiiUt process appeal’s to me 

1o Jto anti^piated ainl Jin no nn^aiii 
sini]do, or likel\ to caitaiu results. 
The m iterial useil for the nu’e>, i <■,, 
jdaster of Paris and IniiL lust oi loam, 
allhon4j;h iinii \vli'‘i st t, heeomis fiiaidc* 
and Weak after tiriii*;, (au>in«^ ereat. 
liahillty to waste and iisk of sandy 
duty tastings. A eeitain ainonnl of 
plaster i.- neee-sary for eoiislnietiM> 
purposes, Imt .'•ome hiinlin^ material, 
Rueh as Mida or otlier tlux, should he 
nii\edwith the core to hind it lo«;elher, 
when burnt; the venting; of the core.s 
may lie p’eatly assisted by addin;^ .‘‘aw- 
diist to the mixture, which hurus out, 
leavinj^ the core porous, and a'^sistinj; 
its strength Ity the fusible salts nui- 
taiiied in the wood. 

For till* Ollier mould a flr.st lavev of 
very fm • loaiA, ground in ]»etroh'nni 
Oil, shouidlie aiiplied with a hrusli, and 
over tills ajew' eoals of mi\ture of llm* 
sawdiut and Ifinm, to whieh ha^i In'eii 
added a proportion ot short lihriuis 
aslicstus, the outer c;i.sinij heini; made 
of the same mixture but coarser, Kaeli 
^ coatin'4 must be ]jut on in such a 
manner by tlio point of the brush as to 
leave a roui;h surface, whicli readily 
binds and adheres to the next coalini;, 
and it will, oC course, be undeistooil 
that tlie asbestos fibre must be mixed 
by hand,; if jicrouud in a mill the lihre 
is de.stroyed, ^nd the asbestos becomes 
useless. A mould made in this manner 
can doife rapidly, dries in a short 


time, and will never crack; in faot, it 

is ^troii" enoui^h 1<* stand thr pressure 

of the filled metal in small wmk witii- 

out luiidiiii^ or any external a.^si^tama*, 

and there is no risk in handling the 

moulds without any special care, 1 

lia\e lifted a bltick of lliis material oO 

to dd Ih. ucii^lit when half dried, hv 

one corner, and dropped it a distance of 

'» It. nitloHit a Clack ajipearin*'. The 

RV'tein oi p(»unn<4 the metal from nn- 

deine.dll is iiol so iiiipoitaut wiflithi'se 

nnuilds; they aie as tirm a'jan ordiiiarv 

lialh-Iji n k. At the same lime it is 

al\\ ays ad*, jvable loi artistic woik w'here 

(no* surl.ne->aie m-fessavy, I’he airout- 

l(ls iiuiN be f'liiu'd liv tbin sticks of 
• « 

was, as llu'v e.m be nnmerons and very 
small ; but tlie " ” or inlet Ibr the 

metal is usuallv imu li betlt*r tor lar^e 
soiLue w oi k if made w ide tluiu verv 

m 

iiarnav, and ii of tliis slia]M* it can 
Usually be plaeecl where it can be cut 
oil’, ui‘l iu> fimsiiin^ is neces'^ai v. 

'J’Jk •re ir> one iiietbod (d‘]ioiiriiij4 w bi< h 
is only piacti.sed fm* some spici.il pur- 
j^oses, but, whicli would ^iv(* jieidV* t 
results in lie-n istiiiir, ns the nn tal 
th»ws jalmly in without any rush i»r 
disturliance. In this imdhod the i^att* 
or inlet is at one side near the bottom, 
the ba'in or "sow’* is innnedjateiy 
heb*w it, aiul the ba.siu and mould are 
fasteiuMl to*^etliei* and mounteil on a 
swivel. As soon as tlie melted metal 
is placed in tlie basin, the whole is 
^iaduall\ tilled over, the metal llowinj^ 
quietU from tlie hasiii into the mould, 
tile ^ents and riser beinj^ of course on 
the same side as«ihe ^ate or inlet, so 
tluU wlien till* mould is turned com- 
]dcte]v o\er all llie ojieuines are on the 
Ujiper sidt*. 

Al:in> are liable to be spnilcil 

throinril delieiency o( metal; this can 

always be ob\i.ited liv taking a known 

•• • ^ • 

bulk or weiirbt of iiiodcllin*^ wax for 
the work, anti wei>clTini^ the remainder 
after the work is done. A little simjde 
caleulatioii will enable the correct 
quantity of jnctal to be as|^*rtainect, 
and an allowance of about l!») per ciuit. 
additional will cover all necessary for 
gate, riser, and vents. (Thos. Fletchev ) 
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(<;) The Japaniisc are the real ' 

riiies to whom we turn for sjuid- ! 

ance iu the use aiul tivatnieut of alloy.*;^ i 
both iu textui'e and colour. First, us 
regards texture, they .'-eem to doliirlit 
in eopving in m<*tal-work tlie most 
delicate texture; even the ido<un on 
tlie surfjK’o of fruit is not be>oiid tlieir • 
admiiMbit* skill. Jii triuing the nature j 
of tiieir molluids, it is necessary to 
repeat wh.it i»MS often been sanl re- ' 
speeting the alloys they employ in Older ; 
to produce their woinlerful vei-ults. 
There is a wide rauoe (d‘ sueli allovs, I 
but the principal <if tluun are hut few. i 
There is an :ill<»y irf .silver and ('ii]»jpt‘r, 
sometime'! witii ecjual ju-oportii-u.'. of . 
])recious and b.isc metal, and tiien* are | 
endless varieties of copjier of dillereiit ' 
degrees of purity, Tiu-rc are several 
kinds of hniss. Tliev have also a re- 
inurkahle series of all*>vs, iu winch the 
preeuuis metal rej)I:ices the tin and 
zinc of orilinary bronze; but really 
their mam alli>vs, with the excfption , 
of bronze, are couipriscd in the follow¬ 
ing exam|)h*s. ^ 

The hrst is called shuktMfo; it con¬ 
tains:— 

((() Topper . * • , l#4-*ri0 j 

Silver .... l'r»5 

Told • . . . ; 

Lead .... ’ll I 

Irim and Arsensie , traces | 

((iowlaud,) i 

j 

(/)) (!opper * , • . tir>‘77 j 

Silver , • • • <)’08 i 

Gol\l « • ,.* • 4‘l#i ' 

(Kalischer.) 100*01 

or ill addition to about 05 per cent, of ■ 
copper, as much as 4 ifcr cent, of gold. | 
It lias been used for very large works. 
Colossal statues are made of it, one cast 

(c) 

Verdigris. 458 gr. 

Sulphate of copper .. •• 2512 gr. 

Nitre. *. — 

Coitimion salt .. — 

Sulphur ,, ,, ,, .» — 

Water •.. 1 gal 

Vinegar . — 


WORK, 

at Nara in the 7lh century being 
s)»ecially remarka]»le. The quantity of 
gfdd is, however, very variable, and 
certain sjtcciniens coijtaiu only 1*5 jter 
cent, of the jtreciou.s metal. The next 
important :illf»y used h^^ the Japanese 
is calle({ s'aV'H-ic/ii:— 

( •) ('opper . . . , 67'31 

Silver.32*07 

Cold, .... traces 

1 ron. *52 

lowland.) 0*J*yO 
. 51*10 

Silver , , , . 4H*0:r 

Told .... *12 

(Ivalischer.) 100*15 

There are many varioth's of it, hut 
in both these a!U»vs and 

.v/<Ia-/(’///, the ]»oi!it of interest is that 
the preeioii'J metals are, as it W’ere, 
saej'iliced iu order It' produce definite 
result^, gold ainl silver, when used 
pure, i>eiug employed very sparingly to 
heighten the general eifect. in the 
case of the g*>ld apjiears to 

enable the metal to receive a beautiful 
rich ])ur]de coat or patina when treated 
with c(*i'taiii jdiikliiig solutions, wliile 
sliihn~v^hi jtosse-^ses a peculiar silver- 
grey tint of its own, which, under 
ordinary atnutsplieric influences, be¬ 
comes very beautiful, and to which the 
Jajiaiiese artists are very }>artin). These 
are the principal alloys, hut there are 
several varieties of them, as as 
cmnhinatioiis of sh<thi~do an^ shibn-ichi 
in various jiroportions, as, for instance, 
in the case of /:iu^sh!hft*ic/k\ the com¬ 
position of which would correspond to 
onejiart of sbtihi~tin rich in gold, and 
two parts (tf ,v//<V)M-tV;4t rich in silver. 

Pickling .solutions are made, up re- 
spoetively in the following proportions,* 
and are used boiling :— 

(/) O) 

r. 87 gr. 22(1 gr, 

.. 437 gr. 540 gr. 

87 gr. — 

.. 140 gr: .... 

,, 233 gr, — 

■ ■ .... ,1 gftl. 

1 gal . 5 fl. di*. 
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Tlwit TiHtst wMrly is (^r). ] 

Wlicii ill (f/) sohitinii, f<»{>]K'r 

^\il] turn n l>rrl\vui^.ll red, and shtku^thu 
^^hK■h contains a iitt.lo i;uld, J)Oc(un(*s 
|>urj)le. Y(*rv small tjiiantitirs i»l‘ inr- 
talhc impuri*' altrcl. tljt* loliuir r* sult- 
iin^ I'liim tho aition ni llu* 

('<>ji])<‘r (Mjutaiinirjr a small quantity ol’ 
aiilnimnv irivi*s a rliad«* vrr\ did) nut 
fnuu that ro’^ultiui^ tVimi Iho j>ulvlini^ 

I i»r puri* r*nl tlu* rivjijM'r jun- 

durtMl in dapan often tiu* josuJi ot* 

simdlihij; enmjdex oi«‘s, ainl the nu‘tl){'<ls 

ot ,|MHitie.ition are m>t m) perfei'tK" nn- 

diT'tood as in tlie West. 'The 

11m 1 tin* ‘•antmioM\ ” of the 

% 

dapaiuse ail nn-tal worker^, \\]u<h is 
]u*esent in the larietv ot' n'pjMU* lalltd 
Knrvmi, is reallv a eoinjdey nu\luie 
contaiuiiit; tin, < ohalt, au<l m:tn\ other 
metals, soMhat a melnl-n i»3 Ker iias an 
iiitinite sorii's of materials at i oiomand 
nitli wlinh to'..seium* anv pait leiiLii 
hli.ido : and tiiesr* are UM'd \\ith mmh 
.iudi^iyent, althoUi;h thesi u-ntdie reasons 
t*<r the ado]»tioa 4tf any jiartieular 
sanqiie may he hidden Iroiii liim. It 
stii^dlv aeeiirate to sav tlial eaeli 
]»artii’uiar shade id eidour is tlie n*sult 
of iiiiniile quantities of metallic im¬ 
purity. 

The aetion of tlu'Si* solutions is re- 


ih«! Japanese are so particularly fond, 
nnd to whieh the name of Mhu-ichi is 
i^iven. Then, ii"ain, tliey have eitpper 
in which small amounts of inijmi-ities 
may be ]ireM‘nl, and the nature of 
smdi ini}iunt\ and its amount, w lu< h 
seldiiiii i*\<eeds .jst h per f‘<'nt., is quite 
suiliei*‘iit tf» c hanu*' tin* thaiaider oi* 
i the «<q)pei*. d’he Japanese, working in 
i nit ‘-mall me.Tsnn* bv nih‘ of 
find that eMiain viivieties of eopper are 
le -t Muietl lor detiiiite pioeessc-^, and 
(hey store them up and use them in a 
definite wav. 

In all these eases the proeious metals 
are deliluTutelv Ka<‘niieed with a \u*\v 
to piciiime a ilefinite result, Wliv 
caiiimt w e use 1iiealle\s (ui whn*h w*' 
ha\i* the anal\ses; in order to jiroduee 
results in t he-e ha elv vrev tints ? The 
hnest jdeee of that 1 know, 

With Its Idne hhiom, is a ]»eautifully- 
eai\etl swoid hilt fiaun tin* oollretion 
of .Ml, l.dward lUltoii; and 
fonfis the li.i'^is ('f many sp< eiinens of 
' Ja}»a!iese ;iit. In a little inedieiiie rase, 
till ha-'e is ne.nly of the CMUii- 

position uiveii in Anahsis No 1, The 
eiiliehinents aie the erev a 

I fi'h, w'Uli'JI tiu\ dots of ^idil in 

the space of about i»ne-i‘iy)ith ot an 
imdi. i In*!! then* is a sliel), 


maikabh*. You have eopper to whiili 
H small amount, of silver and a smili 


with a uolil sijell pla<‘ei] besnle it, and 
a /.iitifinf eairot, im wliieiiaeioy s/iim- 


amount oi'^old are added. The amount 
of gohl inav' he variable, and artifu'em 
ofteifctakc 'er/*tiit lur puttm- in imn h 
more tlm»analysis )u‘i*ves to he presimt; 
but II small amount of i^idd, it ma\ he 
only 1 percent.,is sullii’ient to entirely 
chantje the ehai'ai'tn* of the copper, and 
w'hen \on c'lUne totre.it it by jiickhn*; 
solutioiw, you <xt‘t a totally ditlereiit 
result from what ytm«wouhi if <*o|>per 
alone w'crc employed. The Jai>aue.se 
also tuk(‘ onpjier and dilute it, some¬ 
times half ci>i>jH‘r and lialf silver, some¬ 
times only about one-third silver and 
all iJie rest o(f|»per, and that gives the 
lovely series of crey alloys which, 
either liy exjiosure to atmospheric in- 
fhieuees, hyrfiaudling, or by treatment 
of Kuitablj! pickles, gives the beautiful 
serk's of light and dark greys of which 


it/{i mouse, with <io spots let into 

; him, is ieeiliny. AH this lavish adtirn- 
ment is iimsl porle<lly done. The 
actual nu‘thc»d of manipulation 1 will 
' now dc'serihe. 

I Jn the jdate light btowU bronze 
j (I'lg. wliich piesiuits the simplest 

' pctsiuhle cast, llu-ro is no attem}>l at a 
j rahed surfac'i': the aiti''t has simply 
taken a plate of hrcuize, 8A in. diameter, 
he has eiit a design in it, and inlaid 
that design witli Whenever 

he has seoojied emt the di’awiug of the 
heaiitifully graeefu* bird, he has inlaid 
; and 'he has taken a darker 
variety <»f shitb(-tfi '—that is to say, one 
which Ciintaiiis a little more ggfld which, 
when treated with a suitable pickling 
soluihui, w ill come out u little darker 
! —and has in that way produced exactly 
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ihe effect of an Imlian-iiik in eflect by a rai^sed surface, but the de- 

a dark and comparatively light shade, sign is coiU}deted ])y an inlay of dark 

sbahn-do (ui liglUer shaku- 
do on a bn»iize basis. 



Ill Fig, tiO-, a larger 
plate, lyj ia, diameter, 
on the whole, a fair ex¬ 
ample of the treatment of 
tin; comjilex series of 

alb'V''. Tio'V first of all 

• « 

take a j'lain surface of 
r<*]»|»er. liithisra.se tliero 
ih a raided ornament, in¬ 
stead of a perfectly fiat 
They M'«‘op out the 
outline of a loaf, undercut 
it to a tvriain extent, 
make the leaf that they 
\\ish to insert (if a parti- 
lular alloy—it may ho 
idiidu-h tipp(‘d with gold, 
the surface ijoiiig loimli- 
eued aiu’ tlic gnid ham¬ 
mered on juit as a dentist 

^^oul^^ — then the whole 

« 

(b’.sign is fit tod in like a 
jiiuzle, and the result is 




they huild uj> a jdeture 



gradually, u^ing coloured 
alloys, '*r allttys which may 
be coloured by the action 
of a pickle. 'J'he ba.sis is a 
plate of copper. In one 
place is a le.if which is iM»t 
leally raised, I»ut a little 
sunk below' the surfaea of 
the. original jdate “* The 
onlv relief it ? osses'ses is 

r A 

(•b1 allied by hammering a 
light variety ( " g(dd over 
it. Tlien conies a red bud 
(if set with its 

golden points. 'fhen a 
ithihu-ichi leai^ half of 
w hich is of red hiromiy and 
the lord, of with 

all it.s feathers carefully 
drawn, and the lustrous 
effeijtofthi: plumage pro¬ 
duced with really consum¬ 
mate skill by thij use of 
fine lines. Then comes a 


on a piece of glased brown paper, shihu-ichi flow’or with a golden centre. 
There is no attempt nt producing an j This is typical of the work they do \ 

I 
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however iaro:e or small it mn}- be they 
sim])ly inlay these cobmred alloys, 
lining generally a boinbre base. 


they employ a darker alloy A»r pro- 
during the oflect of painliitg on met.i!, 
so to speak, In a very remarkable way, 



Jup.i • knif« 



Japare'se mnainent. 



IjLiielle. 


riieii* I'' one example in IlnishV eolliT' 
to n, a kuite liaiolle. whieh jiusoiits the 
< lb‘< t <»l a tlmk*s lank and wiiij^s in 
11'liipar it 1 ^ I'ly hiih i elief w iiii hi*' net k 
mid* r A ilei (Ki^r. lie 

jiiuj'Ie tlmk, ])hnigiiiL; tlirou'^/i Siiverv- 
gn \ w.ilei, hilt his hoilv IS in hi:ii 
reljcT, h)s net 1 . is <»f a dillerent niM/ee, 
o| tinted to tile re ->1 of hlS 

bo.lx, and It i" so beaut it'ullv let 111 tliat 
it i-'ihle (-lily It) eel lain liL^ht^, luit. 
It }•Vodlue^ e\aet!v the (dVeel ot’ tin* 
»lutk\-> neek boilliT helnw the surl.lie of 
t he \\ .it el, No I .III (vj'e.in art ilieev i oul I 
oi» 1 .iin .sueh a r»*^ult : it shows tlie ino^t 
I tieantltiil 1 lleet.s, Hot inerel\ ol te\tu;e 
j but liiiili.iiuy and transpareni y. 'Ihe 

lolourellett Is jirodiieed by llie Use of 
the j‘ii kli‘s—the eoiupositii*!! has heeii 
alieadv iriuMi; hnt nianv of the e\* 
treiindy valualile old C’hiiiese bn-ino*? 
have at*4nired tluir tint simply i<y 



JapaiieBe .ilU'ys. 


ft V 

The Japanp^^e do not mendy trust to j long exjiosurc to atmospheric influ- 
obliiining ejects by high relief, ns is enees. 

the jfHsc w^th this" plotej very often At t< (Fig. 204) is a portion of an ordi-* 
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iifiry Chinese bronze kettle, in which 
the ornatnent ha^ been obLiineil by litUc 
]>uu<:tuivb from behimi, which reflerf- 
the litjlit. When lirst loolu**! 
would think tliere ^vere two metals, a 
eo[»|)er kettle inlanl ^\ilh silv<*r: hut it. 
is iiothinir hut the elfet’t of the polished 
surfa<‘e of brownish eop]>f*r, vvitli raised 
]>r(Mjiinenoes Imni lioltind to reil(*et. t’ne 
lij^ht and pianluee the eile< t of amdlior 
metal*, i;, Kij;. ‘Jo4, is another eMiniple of 


' whitdi the Japanestr crnjdoy arc taken 

' ill thill >iiei*t.s and soldered togjether — 

I and ,s/i(tiu~Lio — in 

altern.ite layrN, as sliowu in L*'),"); 

th•’^ drill lonieal holes A l> in tlnnn to 
« 

a i^M’eator f»r less depths* or r<dl them 
out. and then h-'at tiiein up from helund, 
and then file oil’ the priuiiinenees and 
tlieii beat tiic sheets until Doi lodes are 
(d)liierate I, and tlui'. i^et tlie^c* ililferent 
trata, and produce the Iieautifuily 


. 6 > 7 > 



WBSuJiHtJDO 

c..:'coppi-R 

Ft 

UZjRtO CUWft 

U'Cur 

Shahuou 



J i})aiu 


Japan • l»<‘.uh 


similar ornament* t)rien lio* surface is 
very beautifully worked, and tiie * Ifee.t 
is jiroduced entirely without any varia¬ 
tion of colour, ftir the tint is uniform 
Througlumt, of a characteristic brass. 
The surface is }>roduced by simply i 
striking it all ovej' with a lilunled tool, 
which gives the particular lines c (Fig. ! 
204). ‘ : 

The i^nrticular Japane.se alloys are 
those to which the iiam?is of 9iboku-7ne 
(wood grain) and 7»(yw-«a//a.s74e (marbled) 
are given. The characteristic alloys 


baiidod effects. Fig. sliows more 

accurately the method (d* actual work, 
tile pattern being produced by beating 
up a seven-layered plate from behind, 
and filing ihe surface Hat. 

Fig. 20? is a cvlindrital b(*nd about 
j-iii. high; half tlie cylinder is of the 
maibbsl alloy (produce<l as shown in 
Fig. 20fJ), and Ihe rest of tlie cylinder is 
made up of hiiiidii of red-cop[icr 
and silver, beautifully soldered. Fig. 
208, n woriilerful piece inunipulation, 
is a bead j-in. diameter; half the sphere 
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is of Ejrey shibu-ichiy and the rest is com. 
}>ose<i of very fine sohlfrcd plates, show¬ 
ing how perfectly the ooniplox 





Japanese !>eftd. 

200 . 



Japanese knife socket. 

• " 

winy be workjd^ even into a ronudiul 
surface. Fig. 209 represents a knife 
socke^ of alternate layers of coj>per knd ; 


shtthu-dOy the eftect of wood-gvniti 
(^tno/iu-mr') being exactly iinitutod, 

I’iie lob.stt'i* red of tlie Ja]mn•‘^e ts, 1 
Ik']ic\c, intt a jircMluctof jm kling at all, 
bill is c uprous oxide, fonned b\ heating 
eopper in air (it may be in air aiul 
steaiiu at* is the case with tlieir well- 
Known and brilliant ouloured eoninn‘r- 
<‘iai sainjdes of metal), and tlien burnish¬ 
ing it, hut I am not cc'rtiiin abcuit it. 
Tlie Ainoviejins h.i\e ]»ro<hue<l some 

vei'v beautiful ailoVft wbiih show a 
* ^ 

rieli ]iurple tint. They are a}»paivntlv 

of M]\er, and running ovei the 

usually small, is a daina''ic pattc’rn in a 

ii.irkei .'‘hade* of the same jmrj.le li.ie, 

Tliis brautitul dania‘'k-like mn.iment 

pH'-iueeil a]i]» ircutly by inla\, }ct it is 

not poft-^ibb* t<> ‘'ee tiiat there is any 

inlay. I believe tiie jtaiina in this ]>ar- 

tieiilar case is in some wayjiroduced by 

the action of light. 

M.uiv of thc'-e allovs mav be bb-nded 

bv <M^tlne:; vou luav ba\e au allov 

\\itli*a ^olldll\lag point a little lower 

th.in the rest, .md pour the t\M) alloys 

lu su(*(e^^lon, and the one nhieh sets 

jirst mav bo eo\crL'd bv the other one. 
• * 

Take* for exainjde a bronze god clothed 
in brass, with brass anklets and brace¬ 
lets. Tliat IS done by pouring brass 
round a <*op]H‘r casting ol suitable form. 
Imdless modilicalions may be produced 
in tills way by pouring allots one over 
the oltiei. (Prof, Uoborts-Ansten.) 
Colouring: Metal Wares.— 
Small mt'laliio artieles, buttons, 
elasps, buckles, and others, have 
aillereut coloured iilnis jtroduced 
on them !•/ various methods. 
Some of these are known as oxi¬ 
dised silver. Uainbow colours are 
pro^luccvl on bi.is.^ buttons b> 
stringing tlieiii on a et>j»}>er wire 
and di]>piug them in a bath of 
jdumhale of soda freslily prejmred 
bv boiling litharge in caustic 
soda, and pt^iring it into a 
porcelain <hsh. A linen Itag of finely 
pulverised lithargt* or hyilrated oxide 
of lead is susnended in the so^tion, m> 
as to keej) np*the original strength of 
the solution. Whilo the buttons are in 
the solution, they are touched one after 
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the other witii a ]jl:i(iu\iin wiu* odii- 
iiofltMl with the )>osili\e jM>le of a iuit- 
tery, until the th-sned toltiur nj»|MMrs. 
The galvnnie current ein])Iovt‘.i nni-t 

not be too stroior. Tiie colniu-, :\\{) 
more Ijrillinit il' t)icv ari‘ Ite ^fe.^ alb-r 
they have linsed and ilried* 

(’oloured aie more couveincntiv 

|irodiiced upon bri-^ht br:i>'- by dilleriMit 
choniicals, by |)dntiiit^ with llunn, or bv 
inuner>ioii. For cvaiuple: <iold''n yel¬ 
low.— liy <Iij»}nio^ m a peiieetlv nential 
solution ut aeetate ot' mppei*. I lull 
c^rayish ijie^n.—liejte iieillv 
witfi very dilute >olutioii (d thlomie ot 
copper. Fui[)lc. ■-Heatin '- them, mi l 
ruiiiun*^ o\ei \>jth a tuft id 'o!!on 
Miturated with ciih»ri'ie of .uitini'niv. 
(ioMcii r<‘d.—A pa^tc o!' lour parts of 

picpaied <halk and ino'.aie ‘j;old. 

Jn covering an article with any 
cobniivd bron/i- in powder, il it tii^t 
nibbed w'ith a very little Im^ecd oil, ; 
and tlie bronze dusted (•yen’‘y o\er 

9 * 

it from a tlu.t b.'i<^. li is altnaards 
heated in an ir<>u pan to about -Isn'' 1\ 

Ji all article :i!s 

roiil'licaed by dippiii-^^ in siron;^" nitric 
acjtl, and, niter uashiii;^ and diving, 
they are coaled with a iajntlly dr\iiii^ 
nb'ohid yarnish that has la-eu <*olnure.| 
ahIIow with ]»iirie acid, red w itli fuidi- 
sine, purple witii iindhvl violet, or d iik. 
Idiie With an aniline I'luc. 'i’his ejve-^ 
the ilesircd colour witii a l»eautiful 
ntcl.illic lustre. Tlie.s'* colours an? not 
very durable and arc for inlcrior ljooiK. 

Copper Welding.— riui mt of 
weiiliin^ copjicr w.is^ well hiiown to tin* 
mnients; but tin; sc ret iiv w'liich two 
jdeces iif copper can be joinc 1 .so as to 
present as perteef. a union as that made 
ill welding irmi was hv soiiie accident 
jo.st, ami many inilli<»ns have since been 
sjiout in re.suscit:itini^ it from oblivhoi. 
'J’he lo>t art is stated to baye been at 
last redi.s(:oven*d by James ibirns, of 
J'lttsburi^. The Vooaomic value of the 
|ir</cess lies in the fact tiiat, even by 
the best methods now known to metaU 
liir'^idiy Copper scrap cannot be ecoiio- 
micallv utilised be(?auM! of the diilicnlty 
in weldinir a ina'S of pieces into one 
bofly. liuvns recently demonstrated 


before a critical luuUonce tbat his pro- 
le.ss not a mere sham. After flaticn- 
inc; a rod of co])]»or ^ in. diameter, he 
lormed a dir^conuected rin*^. The usual 
“ M arlin^ ]JiMctvs—formim^ u union liy 
means ut an oldniue junt—followeil ; 
and then the ojierator, aiter sprinklmi: 
a certain j>oW'der over tiie piece, pro- 
I ceded to make a weld which, wllen 
eluded, showc\l a perfect union. He 
next took the iim;, wliuh measured 
L' in. diameter, and snbmilted it to a 
‘^tiain until its lon'j;est width had been 
e.xiLlided j Hi., its shoiter Width 
iiaiiowed to a ciu're.^poiuliui^ de'jiec, a 
< ir» h* beiiit; thus (haut^ed into an 
cllipd-. Tiiis was a tnoro severe test 
Ilian Holt Is e\j)er|i*d lo stand, and 
diMiioiisi I at.-1 t oiu'lusively that tlio 
union of the two ends of the rod was 
lod file noTc “ brazinj^ * t»f the copper- 
sunt li. 

Tbiins’i di.seo\cry (»]H*ns up a new 
fudil in workiii''copper, and will in all 
l»r«ib.ibi!ity cause i^rcat chancres in suine 
linos of manufacture. At |>rescnt, to 
make a <*oppcr nuj; for hUini; over a 
joint, or niakim; a easket or it 

had to be cut round out (»f a solid 
jdate, tausiiii; threat w'.aste. To repair 
broken or defc li\c pipe^ brass bad to 
be used ; and should an inlmi&e lieat 
strike the lirazed part al'lerwards, the 
bra-s wmild nu-lt and ruin tlie ]-i"ce. 
liut l>y the I.uvns ]iro<ess tlie economic 
U'^e ot' copjier is asMin;'!, and cupper 
sir.ip, now w'oitli but om--tbird its 
wtuulil of new' coppei', w niJtl be*as '*i^h 
in value as iiit(ot, ('opjior. Jt U said 
tb.it tin* iin^reilients whicji form the 
jH.w'der Used by Hums in widding are 
\ery chea]i.— (C/ifUnhirs^s Journal,) 

Enamels for Iron and other 
Metals.— When the enamel becomes 
sejiarated from tlie metal, or when the . 
iron bend.s away from the euamclled 
side, i.r.y w'hen the coutrtu'tion of the 
enamel ou cooiiiifj, i.s less than that of 
the iron, one of the following altera¬ 
tions must be made iu the composition 
of the enamel : — 

(a) Increase the amoinit ofMlicn. 

(h) Keplace jiart of the boric acid by 
silica. 


4 
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(r) If load is present, ropiaro ])ai‘t of If t.h« euamid bn aks, and tho iron 
the lead oxide by alkalies or aJkaHue bends towards tlie oiiamelled sid'^, and 

earths. lilt! contraction of tlie enamel is thoro’i 

(f7) lioplaiT ]»art f»f the alkaline fui-e ore.iter than that <if Iho iron, tlie 
earths by alkalio'.. oudiHuMits iniisl ]«• altered in the 

(t ) li'crease Hie alkalies and diminish f»|»j-o‘'ite sense, The follon iiiir yolation^ 

th»' boiic ami. by aive, intordinc^ to I'etrik, 

(f) Instead of tin oxide, U‘'e boin- 'M‘od and i eliabit: i naintds :— 

a'h, 

VU (). Na..O. Si (>o, ]\J\. Sii ().. C 

I, is-:> 47-1 :\u) —" 

II, lb* 4 IK*:. 47*1 i:^*l 

in. riii-d c-ii oK-i :i -4 — 

IV. — 1 K-r> 7 *k I 0.4 

V. — lH-:» ;id*7 14*0 

N.uO. Si R, 0 ,. Sn u.. A.^ii. 

* » to * 4 


VI. iK*r, 14 

A'll. 1K‘:> :w;'7 n 

VIH. IK-:, :w;-7 14 

J\. is:. .'td-:. ij 

The relation between tin o\ide and 
itoiie ash is <»f j^reat importance.- - 
fa (Watnu/iti' ef tfr fit I Vrre/ ir.) 

Gold Seating.—Tin* rouc:h j^old 

is put into a stone <*ri(cibb*, inelt<'d, and 
poured into a mould which iri\cs it the 
Ji^hl width for !olliie::. Alton! a o/. id' 
Lotid is generally moulded at a time. 

It I'i then run througii roller*', the pre^- 
snre of which is so great tliat the litlle 
bar of gold that is I in. wiilc and ahmit 
;> in, long, after being run through 
several iiino^, becomes a strip about 
14 \d.s. long and about the tlncknessof 
Ttie strip is tlien cut into I in. 
srjufrFea, 'I'inr^f .s(|iiarcs are put into 
what is culled a“cutch/’ This <‘ut('h 
is eonipobed#;d’ IKO skins l>* in. square. 
Tile material that the.o skins arc math* 
of is an invention of French origin, and 
is kept peeret, Kormcily vidlnrn was 
used. A gold square is plai'ed. hidwi'cn 
each skin, one directly over the othi*r, 
until the entch is filled. Two ].an h- 
ment buiulp are put over them in oppo¬ 
site direetions to keep tliem from shift¬ 
ing. The cutelf is tlieii beaten for 
ir)-20 minutes with a \(1 11). hammer. 
The gold ik thoTi taken nut of tin* skins, 
quartered by r#skewer, and put into 
what is ra^ed tlio shoder." Tjie 
uumbcfc* of skins iu a shoder is 680, 
5 


Ml i:,‘4 — 

•u - ;;o-s 

M) l.'.’i ih'l 

0 7-7 7*7 

Thc'C skin*' conic from what is <‘alied tiu* 
“bun'^gut ’* of an ov, one animal fur- 
ni''h]ng but two skiii.s. 'fhe shodcr 
‘‘kins an- 4 in. square. They are j)ut 
Im tween tin* skin> in the same maiiiur 

in the cutcli. Tliov are then beaten 

• 

jhr 1}, liour.s witli a lo \h, hammer, 
taken out. autl again quartered with a 
pici e of rciM], They are then |uit into 
liie mould one ov<r the other, asbeloic, 
until the POi) skin-' wiiiili the mould 
iM'ntains art* iilh*d. This i, lieiiten with 
a li'imiUiO’ weighing 7 lli. for o-4 hours. 

The leaf i" tlu'u readv to he trimmed 

• 

and hooked. l»efort‘ the heating pro- 
<*es.s, the skins are heat^Ml and primed to 
prevent the leaf 1‘non sticking. Heated 
presses are used to take the moisture 
irom the skin.*'. Ikich skin is rubbed 
with a ban**.-' ftud. witli jdaster ofrari.s 
t*n htdh sides hoho'e heating. Each one 
of tlie iir^i squares of gold beaten out 
makes ‘Jo leaA’i'S, or one hook. The 
trimming of the leaves before they are 
put intt) hooks is doiu««by a iled-shaped 
niai'hine called a wagon. The Iriin- 
niiug and booking is done mostly by 
girls. The trimmings that are left 
IV‘*m tlie leavt* are scraped together 
ami melted over. A, little salt added 
makes it thoroughly clean. The granitn 
Mock that the beating is dou^* on is 
• R 
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alMiiit ft. the surfare helni; 

jjvtuind down jierfectly snundh, so ns to 
prevent the hJows of the Jiriimner from 
tutting the under side of the noml'I. 
The operationsJire well shown in the 
illiistriiUoii on y. (Sri\ nt. Am-r.) 

Moulding and Casting. -.Vo?//- 
r/eri* Tuufs .—These cominise tin* r.iin- 
iner, vent wire, trow el, varmus elj*aners, 
Ifond and Ihvucje, an.{ similar tools nst*d 
ff»r bleekiip^, iind linalls the workiueii’s 
lijunls. Simple tlnmj;h iheM* ma\ aji- 
pear, their jin»per einploviiieiit nnoJ\j‘, 
n ki'owh'th^e o\' tin* \iyA priiieijde, 
of the art t>f TimiildiiiLr- 'I’in* work¬ 
men's liands are ]inrju>se‘ly in« hide<h 
heeause in the making; of :i nionld \e)v 
iiiueli tdleudepends on the wa) iiiwlin-h 
the hands are nseil. Tool^. will ofttm 
dania p* ;i mould, the hands ^e^l'■m «lo ; 
ilic sense of toneli is more relhihU* than 
the pres'.ure of a touh and for tin.-, reason 
a ge(‘d immlder seldom uses Die latter 
Avhen his hamis <'an la* of serviee, 'Tims, 
in mal^m; an iinevt*u i>eil for the 
heddiin^ down of a pattern, the wlnde 
suri’ace will In* ^one over in detail with 
the hands, in order to judi^e of its ei[ual 
consistence, or t»therw'ise; solt plaei''S 
are rendered firm hy j»r(*ssure and Du* 
addition of more sand, and the surlaee 
is roughened by nilddny the palms ot 
tlie hands to and fro over il. 

Sami is tuekml niuh*r tlaiivres and rihs 
and into angles b) tlio Itand ; pouring 
basins, too, are rounded up with the 
palmsfite hands am! iiiigers, as well 
as Tuuner riser heads, i^roken 

I»arts are mended better and safer with 
the finger tlJtu witii tlie tn»wtil, loam is 
danlied on by hand, ES.iuill patterns are 
lifted out by the fingers better than 
with s]dkcs; in faet, tlic hands of a 
inouhior arc of exceptional use to liim. 

Tlieio are two typos of rammers em¬ 
ployed, the “pegging” amt the “flat 
rammer,” and each is used in tHflerent 
sizes, a (Fig. 211) show’s a I'egging 
nunmor, and th? size of the Hat end 
]>iece by which the sand ]s punched may 
^ vary from T in, by I in, to 3 in. by 1 in,; 
h represents a ^nodlHed form, a being 
capable of going into narrower spaces 
than For ramming between very 


narrow space-^, Midi as the teeth of 
.small gear W'heels, .ml fm* Miiall I'ores, 
a simple round rod of iron is ulteii 
usf<l. The bulk of the work is done 
w’ith the.se pegging raiiimer.s, c being 
I'l'served for iinishing olV the tand to an 
aj>}»ro\imately level fare with the fa^'c 
ol till' flihk ov jiatlern, as the case may 
Ik*, and f"r levdlnig beds, 

rhe ji lt ramnn*r </ r»*]ire‘'ent.s the 
Iarge-.t si/o u.sei], ranging from o in. to 
(1 III. di‘.m'‘ter: and is iitted with a 
w<»oden li.mdle, the otliers liaving iron 
handier. It is u-ed tor going over the 
In LO'st, Mil laces and for tilling in the 
.s.Liid around bo\e>. jilaicd in foundiv' 
jntv. The li.'iiidl'* Is .self-w'tdgmg, as 
shown at vx tlie hole being tfijicred, 
tht*luadof the Wedge toiii-iimg on the 
bottom of the lude ilnvos the cleft 
handle ontwnrd, lilling up the enlarged 
lajK'red “jme. <hi the proper U{?e of the 
rainim r depends in a Iarg».* iiieasiue Die 
sucee>-'^'ul issue nf Die work in hand. 
Kamuung must l-e done wiselv, witli 
due regar*! to the diaratdei* of Du* mould 
and the jul^itu.n of the section which is 
being rammed. 

Molten nn tal alw’av.s has a Icndencv' 

* « 

to flv oil tioin a iiard suiface, heeiuso 
the gas gener.iteil t'nmi the moisture 
pre.si-nt (Miuiot get away ri‘iulily, but. 
foiins a cu.shioii between Die metal and 
till* mould. In :i liard rammed open 
sand nioahl whuh is not vented, the 
gase.s will be setii bubbling uj) through 
the non, giving rise to little jel.s or 
fountain' tif uietal. Iti a eloped mould, 
tlie bubbling of the metal against a 
liard Mirface from \fhich Die air cannot 
escape with .sullieieni rapidity will break 
away the sand in patches, causing scab¬ 
bing, In c’hilled moulds, not ]»ro])eily 
dried ami warmed, the metal will blow 
out. For this reason, a green sand 
mould should always le rammed onlv 
as hard as is necessaij^' to sustatu the 
pres.surc of metal. The pressure of 
metal is always greatest on the bottom, 
and wJieii the depth becomes very groat, 
dry sand inoubis are profcrabl^|for tdii 
reason. But with gr^en sand moulds of 
moderate dejvth a hard bed is necessary 
to withstaml the pressure of metal, and 

. B ‘i 
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then the jiractice is to r:itu :i haul ] vent in the toj>, hottoin, a*nl Imx joints 
liuttoin strntuin, and over this a thin ' issues tluj hydroj;;en, whioh, when liieii, 
stratum of softer and more oj»en sand, 

Ituhhlini; at tin* surfuee is tims jiro- 


\L'nted, !is the ^as i^ets lhrf)Ui;li tlie mure 
o|ieii sand into denser i>uily or hai'kins; 
)»clo\v, ^vhioh is well vented, the vent 
)*eiu^ j>roj»orttonal to the hardness <d‘ the 
lu the ease of a thm shallow 
casline. Soft ratiimiiij^ at the surface is 
of more iin]i<»rtanee than in a deej»er 
one, l»eeause in the foniu*!* eaM* llu-re is 
111 tie eouuter jiressnre e.serled hy ihe 
metal tendin<t to drive the di'Wii- 
uanl. Harder rainminir mav he dune 
iti the top of a mould than in tin* i 
hoJtom, heeaU'.e any ju’essnre u^erted 
tluTe is relieved at cuu:e by tlie ris»‘is, 
wJiile that in the bottom is ecuistaiit. 

At the side'; td* a mould, aeain, the 
iMinmiiij^ mav be h.irder than at the top 
or bultoin, beiause the j;as tan eseape 
readily. In any case, the hanler the 
raiiimini^, the more (■()mplt‘te sliouM be 
the venting, and care should he takt;n 
\\lien r.*fliiuiiiiL^ to j uiieh the sand, ind 
the bars or lifleis or rods. Tins woiihl 
ibsturh and eraek the sand, and possibly 
cause it to fall out of the tiuiuhi. 
Neither slmubl the jiatteru be siriiek 
bv the raumivT, since tiiut means undue 
eompression of tlie stratum of sand in 
the immediate proximity, with a lo- 
sultiiii^ scab at that jtlace. 

4'he vent wire is anotlior muul'lei>’ 
titol of the first importance, ^mall \ ent 
wires of in. in diameter are rej rc- 
scn^v'^at <; (Fig. 211) ; large ones of J-JJ 
in. bedng sho^n at f. Since the latter 
are long aii^ Ifirge, they retpiire the 
nsu of hotli hands to drive them through 
the sand, and hcjice they an* provideti 
w itii a cross handle. Duly in the case 
of some sjiecial work can venting be 
disjiense<i with, the exceptions being, for 
the most t>art, loam ami ojieii sand 
moulds; but all green and dry sand 
moulds are vented. The necessity for 
V4*nting lies in Jhe preseneo of air in 
the mould and of gas generated by tlie 
decomposition of moist in the sand. 
Ihe ainonni of cas thus produced would 
astonish any but a moulder or a chemist. 
So so(m as a mould is poured, fromevtfry 


burns in buig lambent tcuigues of blue 
' flame, and continues to burn for iudf an 
h(uir or an Imur, accoiding to the size 
; of llic mould. There is enough gas 
lliiis carried ofi < 4 uiet]y and .safely to 
blow up the mould a great many times, 
if that wen* dosirnhle. 

I Tlie ]»resence <d a few blow holc.-i in 
! castings will often cause them to be 
roiu!*'Uiiied, yt the>e .u'e due to the 
contim'iuent or entanglement of some 
exirdiiely small jHirtion of gas, some 
lew ton-thuusaudths ]>erliu|»s (»f that 
whuh has escajietl thnuigh tin* vents, 
jb-me flic necessily lor allowing full 
]>ii*vi>ion b-r the raj'id and comj»lete 
cMl of the gases geiu’iated withm the 
mould. Uf course tlie vent wire is not 
the only iiieuns of venting om])U»yed. 
Wtien large masses ol' .sand, both green 
and »h V, have It* he vented, it is usual 
to ram up a central portion of ashes 
as a •t*'-cr\oir for the air, wiiidi rusljos 
oil Ill large \ohimes. Tlieso aslics must 
not lie too tlnstj to llic faces of the 
mould, cspeci.illv W'herc there is much 
liijuiil jiressure, snire tlie sand would be 
apt to yield there, and produce liun|tY 

ca^tings, 

In the case <if many dry sand cores, 
ashes not onlv atloul a good vent, but 
allow' tlie coie to yield to the shrinkage 
of metal. As to the manner of using 
the vent wire, thcie U no need that it 
should touch the pailern. Tiio practice 
of moulders ditlers in tliis resjiect; 
some cover the pattern with pricker 
hole>, while otln^j-s, wlm ai*t! more 
careful, scaicely leave a mark thereon, 
(>f <‘ourse, whtui tiie wue tonclu's tiio 
]>atteni the vent has gtuu* far enough ; 
but a carelul nuuibler, whi n the nntiue 
of the work admits of it—that i?, wdien 
the distance from the face of the sand 
lyingoiit.side to the face of the embedded 
]).attern is jiretty rc^ilar, as in work 
having t<dernbly th^t outlines—wiH 
gauge the distance by first touching 
the pattern Avith the Wire, measuring 
the length, an/1 tlieii ]ius)iing4hc wire 
in to a distance in. less, as required. 
The reason why this space can be left 
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is that the jioroiis nature «»f the sainl 
allowj? the s^as ti> strike through the 
thiekne.NS inteiVeniii:^ hetweeli tile tei- 
inination of the veut ainl tlie face tlie 
mould. 

For this reason, also, saud t»f a close 
textuj’o and rammed liard ictjuires more 
and ( h*"**!’ Aenliue; tlian a free an*l o|>eu 
Siiiiii. W ht‘i), as in ht‘dded-in moultls, 
tile Vi'iits are driven fnnn tiie ledloin 
tact* i[M\vii\v.trd, tile surl.tce is aiwavs 
ruhiied over willi sjui'l to close the open¬ 
ings of the vents. If tiiis is not thtiie, 
tile metal tfi fs into tin* vents ainl chokt*.s 
tlieni up, pruiiueiiiL^ a .scahheii, if not 
actnally a naster Tin* distance 

between tlie tenniiialioii of tiie vent.s 
an<l file face of tile mould mil Jepeinl 
altogether ujmiu tin* nature of the work. 

The iieavicr Die work, the great* r 
the tlii(kuess of int*,rv* ning sand, 
because the ]»reSsure teiidiUir to foree 
the air throm'h is or<*}\tev; l»\it in verv 
tiiin, ligiit work,it isneeess.uy to i»riii.j 
the vents close to Die -nri.n-e.,. Sand 
Avhich is overdainped will n‘ipur** more 
venting than drier sand, Itcciuse *'h- 
viously tliere is in(»re gas geneiated. 
For close and lianl rammed sand, almnd- 
aiit venting suj)plie.s in an artitieial 
manner tiiat frc(‘<lf»in of exit for the iras 
which the sainl itself', tlirough its den¬ 
sity, fails to ]u*ovide. 

The connecting tugetlior of the vents 
in a mould is done in ^ovrral w'a}.**. 
'fhero is the veiit pipe, whi<'h c«jnnects 
the Vents going dow'ii to the etd^e )>ed 
w itii tlie md^ide of the mould, 'i'loTe 
are tlie vents from tin* bidtoin fif Die 
drag in turned-oM-r moulds, which <*on- 
iiect the vertical ve'nts from tlo' lf»wer 
iimiild face with the oul^iflcof the llask. 
'rhore are the vents from the npjier 
mould face coming dire<*tly thr'urgh 
tiie Cope ; and lastly, the vent.s coming 
out at the joints of the flasks, ami bring¬ 
ing off the air from the mould sides. 
In cases of the IftMer kind, though the 
v*'nt.s or **gutters” may be put in at 
random,there is, jiresiuuing uoclosingup 
of their openings takes place, a certainty 
that tiiui'iirw'ill strike tbrongh, because 
the mass of sand lias already been honey¬ 
combed with the siuaJlev vent wires. 


The trow'ol (Zi i j) is a tool whieli 
ii» conMautly in um‘, doing duly bir a 
I variety ot ]»ur]M»M’s, and being <*aiTied, 
I like the (.irpenter’.s rule, in tlie trou- 
s»*r.s' poekel, ready for immediate .service. 
In i ompauy w itli the ^utuhlev*^ hands, 
it siiares tlie s}mi>ing, im*nding, ami 
tmidiiug of mmiUis, ami is just a*> 
' servieeai)lL* Ji'. its uaiuer>ake u.sed Lv tiie 
tna'ioii and brieki.i)er. 11 is emploved 
f<»r cutting, digging up, and loo*^i*ning 
the sand in Miiall masses: tor jiatchiivg 
*>n ]j<»rtitms wiiieh have lieconie broken 
ilowu; for .sinootliing an I sleeking omt 
tlie iJat .siirt’.iees ol mouKU, amt for 
sriiniitiumg down the Idaekingaiid plum¬ 
bago (gr.ijdiite) whetliiT li^ed wet or 
iliy; wJiilethe butt end of tbe liamlle 
is inquovised for thrusting in naib 
UNfil when mending u]i. 'i'hc trowel 
even becomes a s<»rt. (>f rough gauge, 
for the inouhlcr usually test?* the close¬ 
ness <»f the joint <if a pattern, or llask, 
tir core, by attempting to thl•u^t in the 
Idmle of Ins trowel. If the blade 
pas'^ea ill, the Joint is open ; if lud, there 
is md inu(‘h t)u* matter. Again, he 
marks the outsides of tlasks with tin* 
trowel, elialking the .side-^ of the flasks 
and drawing li or d lines fnun one across 
to tiie other, ami w'iicii the flasks are 
I finally closed fbr (astiug. the coiucidenee 
j of the lines indicates coim*i<]ence of the 
mould joint wilhiu. Again, for pressing 
(low'll or “pinning’’ the j(jiut cdge.s ol 
' moulds, ami .so jircveutiug crushing, Die 
I tr(»vvel i.s ahvays u.sed, as it is for scraping 
’ mit prints when too sniall f<T 4 ^heir 
, cores, and for cutting vent chaiinds or 
■ gutter-, making good the joints of cores 
' ami drawbacks, and for a ftiultituJc ol 
' kirnhed uses, i (Fig. ”11} show^s the 
eoininon form i*f tr<»wel, averaging about 
I b in. long, 'J’lus is called the “ square ” 
i trowel, to distinguish it from the 
“ Jiearttrowel /*, / illust/atcs a 

(’(Ujihination trowel railed the “heart 
and “ sipiarc,” w'hieh is u*.cd only «« a 
toiiching-iip ami finishing totd, being 
made in Mualler sizofi titan the other. 

The remainii^ figures represent tools 
wliieh are nil used ftir cleaning, mending, 
sleeking, and finishing ^niouids. They 
arc called by different names, though 
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their fuuctioiib are ossontiully similar, 
the names beimr tlorivo'i from tlu» more 
especial uses to \vhicl» they arc ap]iheil, 
or to their iaiK’icti resemblance to coin- 
luon articles, k is the ‘M'hMUcr,” a 
tool wliich ranks next after tlic tr()wc*l 

piiiiit of genera! utility. Us loni; liiiu 
Liable isiiso^l ior cbsiiiiug am! smoothing 
the vertical laces nf the deep ami narrow 
portions of niouhlsinto which the trowel 
Nvoiiid not ivaeli, for mending up similar 
se<tioii^ where llie fingi-rs canrnd enter, 
t«»r lioriiej, in nionl Is tbr ch iplet 

stalks, ami ior con* v»‘Uts; wiiile the 
turm‘d-{int foot, standing at riuld auiiles 
with the end o]»po^itt*. is used for lilting 
out sand wliie}* ha-? lallen into the 
Ijottoni <*f dei'j) inirow nnjiihi.. l«>r 
mending up and making gfod d.imaged 
jiart** similarly situated, for presang | 
sand aroinvl cores alter they have been 
jdaceil in their ]triiits, and for many 
biiiiil.ir jnirpo'-o^ be.si-leN. The>e ideanci s 
an; made in widths of blade ranging 
from J in. to al^oiit 1 .J in. ^ 

All the remaining tools (Kig. are 
fiiii'.hing tools. Taking them in order, 

/ is a square corner ‘"sleeker,” or 
“slicker,” or “slaker,” or “smoiuher,” 
and is u.sed for sleeking tlie internal 
faces of moulds wdiicli stand at riiilil 
anglc.s willi ea<di other, ui is a tool of 

c * 

the same character, but liaving one face 
curved fi>r swci'p**. n is a heail tool, 
used for sle<*kiiig the hollow iinpres.sifuii 
left bv heads. o is a hollow head, by 
which the rounding oilges of nionldsare 
finished, or those edges which be<‘<»iiie 
tlie “ hidlows ” of tlie casting. All these 
are made in .several sizes, large and 
Miial), ii.s convi'iiient. * ]) is a spoon too), 
the shapes of tlie bowls re.senibiing tliose 
of spoons. They aic liandy for finishing 
hollow work. The iiead tool r iliilerii 
from the spoon tools in being narrow, 
jiarallcl, and quicker in curve. It is 
used for cleaning .and fini’'hing heads in 
circular and w(»rk. q is a tool 

iliffering from the last in iiaving square 
edges, which sufliciently indicate its 
use. t' 1 /’ X are flange tools, lieing used 
lor STnoofbiiig tlie botti^fn edges and 
sides of flanges and.fiangc-like moulds. 
y z are boss tools, s is a button sleeker, 


t is a pipe sleeker, and u a modifica¬ 
tion of the latter. All the tools in tins 
group are niiide in dill'erent sizes, and 
some ill modified forms, and .all alike, 
idtlier ill iron or in lu-a.ss. They require 
to be kc|it clean, aiul friy-from rust and 
<lirt. For .‘‘pecial work other tools 
besides the'^e are made. Tlie most con¬ 
venient box in whicli to keeji these small 
tools is a jdain ojjcn one with a bridge 
<d‘ iron screwed across th<‘ top, by whiidi 
f«i carry it from one part of tlie shop to" 
ainrtloT, as i'*quireil.—(//i/w.sfr/V.s*) 

Smiths’ Work.—^'I'hough none but 
a })Vttfess]onal smith could hopir t<» 
undejtake elaborate works in wrought 
iron and st»'i‘b vet many simple j(;hs 
tall iMMhnie with a very moderate amount 
of pr.ictice, sin h as the bending, draw¬ 
ing down, upselling, sliaping, and weld¬ 
ing of the ]>lainer kinds of work. 

Ill a small sliop, an ordinary forge 
would be ratiiej* ciiTubiu'sonie. Hence 
one of the small portable forges would 
be preferable fo a mass of brickw'orje and 
iron, if it were not for the tliflU^iUy of 
carrying ntf tlie smoke, if tlie forge Ls 
to be in a closed building, there must 
be :i hood and chimney. If, on the other 
liaiiil, it I'ould be placed witliout the 
building, piotccted bv a Jean-to roof, a 
}»ortaljle rivet or similar forge would be 
ligliter and U s^ expen dve. The circular 
bellows in Fig. are either of the 
single OP the double blast typf, the 
latter giving 'i ctuitinuous current of 
i air, but biMiig also the more expensive 
of tlie two. Forges with 10 in. b(!yii\vs 
are the smallest made, and < itlier these 
I or in. would be tlie handiest for a 
small sho|>. A liglit frainei^ork of bar 
iron supports the circular hearth. The 
circular bellows are l arried beneath, and 
are workeil bv the handle, levers, and 
rocking shaft, the blast being conveyed 
througli the bend ]d]>e into the back of 
tlic hearth. 

I'Jie ordinary fixetl forge is built of 
brick or stone. The hearth bricks 
hiinjdy cii<;lose a hollow's]iace which is 
filled with cinders, and upon which the 
fin: is laid. The hearth back is of brick 
or stone, faced at its lt)wer*portion with a 
plate of iron, through whicli the tujrcre 
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anil |MerccMl t'lt its imjior j^oriion 

■\\itii a Sijuare Jratiin-j; into tin- 

rhiiiuicv. The fhuniiev lu-ril not he 
• • 

Its function uot lnMUi; tip- jiroiluc- 

tiou ol hut oiilv ol a sul]i<‘iL'Ut y ot 

tliMiiiclit to ]e‘aii n\>av tin* MUoke. The 

hire of 1 he heart ij h r a few inches iii- 

waid from tlie e<lee'i !■> u.suaiK coveied 

^ « 

\\itJi a sheet <»r «sist or iron, 

for the sake of jeoteclioii to the InicKs. 
Two lroni;ij'< occiijty the lr»*iit (>t‘ the 
forjje a eoal tomk^ainl :i slake or w at < j 
trou-^h, till* two idteii beinj; made in one 
ca^-tinir. 

About the c]ieaji4*>t foroc wiiicli e.in 
he imule is tliat .slioi\n lu Fj'j;. L‘14, ami 
one ivhich any amaii ur nmid is-nsiruct 
at a low tsh'vt, and witii M*ry Htlh* 
trouhle. It ( in fu* eni|i|o\ed (»ut oi 
doorsj or ]daced imh>ur.s undi r a IoumI 
and ai^aiust a wall leadin-^ int(» a rlnm- 
]n*y. An^^le irons lor the suj>])orts, tlat 
Inir inui lor the iiori/ontal .^lie1< he] 
ami sheets for Uie he.ivth and <oal laink 
iirc all that are rerjiiii'ed. 'j'ne heaiin;^ 
surf.ice oi the am^le lioii will tin 

struttnre from lan kiiiL*; hut if tneie i-. 
any t« ndenev 1»> un tiadine s wln ii 
W<»rkini^ till' hellowK, a dn'^on.il hiaie 
on cacli fianiiii:; w ill ]u'e\*eiit it. The 

blast inav he taken I’nan Ionic helJous 
jdaced undfriieatli,aii<l woiked hy means 
of a lever hamlh*, set eon\ enientl \ hehiud 
the lieartli hack, hut keyed lo a ro< kjn;c 
shaft wliicli moves in licarin'^s liohi d lo 
tlie under sitle of the hearth plate. The 
roekiri!^ shaft jias'imc thus nndei neath to 
tile front of the lori;e actiiate.s a Icvei 
ami lunnectiniod,' oinplettlie eon- 
ijoction with the hottom hoard of tlie 
ludlows. <h* liie hhist ran he taken 
trom a hlower at tin- lun k, eitlier wilh 
siiicrle or inultijdyini; treai*. A small 


would lie consulted. l>ello\ViS arc 
workeilb} a handle and rocking stalf, 
and attmdied to tlio forge, or distinct, 
tiierefioin, ai’cording to couyenieiice. A 
fan is jiveferahii* to bellows, ami is 
Worked by luind or foot, or power, hut 
should he drixcnwith mSlti^Uing ge.ir 
to get up the speed. In faclouns u single 
fan Woiked hv a belt Irom the engine 
supplies blast to a lange of forges; a 
throttle vaiie under the lojitrol of the 
snnlli ivgulatiug the pas*-:iee of the 
Idas! to e.uh forge. N umbels of small 
ioige< are now sol<| very du-aply tittcil 
witli f.iu-^, or with [loot’s Idowers, so 
lhatllu* old fashioneil leather bellows 
SI ein to iic doMined to ult Jinate extinc¬ 
tion. A small iatii> sluiwn in Fig. 21.'). 
'I’he elieeks A are of i ast iron grooved 
tt» a hare 1 in. di-t p o, to take the strip 
id* sheet iron or hiass J>, which is 
Cl inented in w it h w hite h ad and clam]ied 
tog. lio-r w ilh holts h ]Ms.snig between 
tile sitlcs. Tilt* f.ui .'pindle c i*. lurried 
in itrii!gi*-hke lieaiiug'* l>, holted to the 
^i hs oi the chieks. and the tan it^selfis 
r<im])o‘‘i*d of tlished sides of sheet iron 
oi Im K, helween wliich the vanes d are 
soldi re*l. Tile tlished jidosarc soldered 
tohra*“s rings/', which run against the 
inner faces of the liieeks. 'J'iie vanes or 
hlade.s an* al.-^o .soldeied to the lairveU 
iih.;/, on the eeiitifil i)o.‘»s, iiiiido of gun 
metal. 1’he actual fan iei|nires lo he 
nicely hal.iiiced, ow ing to the Jiigh spee<l 
at whicli it rotate'.. Tim fan siiles are 
eaeh fnrnidied with a central hole to 
.idiiiit the ail. Jndead of tint. cl^iteks, 
tw'o eastings can he made \^ith eunl*d 
out]^ne^, :ind bolted together with a 
(enfr.il outside tlunge, in t lie ^..iianner .so 
famillarlv known in foundry and otlier 
fans; hut this means the making nt 


forge, of this tyjiu may mea-ure out and 
out 20 in. long, 22 in. wide, and oO in. 
high. The angles may measure IJ in. 
X in. X } in., the bar stretehers 
1} in. X i iii., an<i» the bheels about J 
in. thick. 

The Mipjdyiiig <>f the blast is eficctcd 
either hy means of bellows of circular 
or long j>t^ir-shajied form 4*r by fans or 
by blowers, and in* the^e matters the 
jmrsc and the convenience of the user 


two raflier trouhlesome Jialf patterns. 
The form of Idnde UM‘d lu the common 
old fashioned f.lU is .slmU’Il in Fig. 21 d, 
hut it is noisv. It is easv to make, tlie 
hlade.s ri'volvmg within the outer 
c.'wing, ;Mid as cIo.se side.s without 

actually touchirig them as ]His.siblo» 
l»y multiplying gear, we mean some 
arrangetnent by which tlu* proper 
of a fan can be imparted without ex- 
co6.sive labour at the hand wheel. A 
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hiimi ilriviiiiT iliivi't In tlm (.in 

C ■* 

will <1(>, I'Ut witii iniiltipiyihi; 
"[riU' wluM'ls ami lt*ss work will 

fllrct tk<* same results. The |)(»rN]»eeti\e 
view L*17) ilIustiMtes thi.*> i^ear, i 

tlie relative positions of’ the wheels 
v.iryin<j as best ailaptoil to tin* fov^e * 
itself, aiul, of course, a treaillo (*nn ho 
substituted ibr the handle. As drawn, ; 
tne wheel A Would be to one side cd the ' 
f .ri,^<" c lear id the hearth, its b«‘aiiiii^ 
beiiii^ bfdli'd f > the hearfli back, the , 
be.ii insTs rd' tlio other w liet Is ledn^ bolted ; 
to the btretehiT'* undurneuth the health. | 
To in. would be a ipj(>d si/c* Ibr the | 
wlieels A and ]». limds are prefeiable ; 
to ropes runninL'roinel r^rooved ]>ull(‘\s, \ 
sinee tile latter propeilv renuiro tiirhteli- ' 
ino o-e.ir tbr alterations lu length due lo 
feniperatuie. ! 

d’here is aKo tin* fuyeri’ c*rtueiron ' 
to be I uii'^iderc'd, it.- lunetLou beiu'^ the * 
eouveviiu' id the blast to the fire. Tlie 
Hose id‘ :i luvere wcnild ra|tidly burn ^ 

awuv, and doe.s ineMtaliU burn in time; 

* ♦ ' 

but its de'.tnietiou is retarded )iv the | 
forination of a water elianiber behind i 
and around it, a eurrmt of eohl water j 
beino made to cir»ulate bv conveetion ^ 
within a <'oni<‘al < viiiider throimli whiidi ! 
the blast jupe j>as.ses, the wlmle beino | 
attaeiied to a cistern or whaler lai-b,” | 
Kit;. 218 sliows tins, the uuuo niotleni j 
fyp", ill section, and Kie. lil'j a .ectioii | 
of the older tue imn, made either in | 
ra>tt or in wrou«;iit iron. 'J'lieso are ■ 
illn-trative, liow e \ er, of the t n \ < res used 
for laroe forjres; but the small tbroe-. 
li^re tiijureil me not pro\ided with a’ 
water tuvere, becaust* thi'v are not 
Mibjeel to so tierce a hieit as those of 
larger dmienvi^m^, and they are used 
iuienniLleulh, d’hc iio/.zlc whieli re- 
l-eiAe-i the blast l‘i])e is, tliercfore, 
simply tliickeued uj» in these casi-s, aiul 
tin* bo.ss piere IS cast in one with a bark 
plate, and tints bidled to the liearth 
bad;, so ;is to In: i1-adily rcnew'uble, as 
i.i li-s. 2i:;, 211. 

'i'hc finiitr tools are the jxiker 
220), the slice 221), and llic rake 

(I'il;. 222JI‘ A ladle is ifJso used for 
liftin'.; water from tljc slake trough for 
tlie daiuping dowu of the lire. 


d‘he anvil (Kig. 22i»), of wrought iron, 
i steel faced, is often .sujtportcd at its 
I jiroper height—about 2 ft.—on a block 
of wood, having .sjdkes driven in at the 
corners to keep tlie anvil in j)]ace. A 
much neater and better ^^y is to have 
a hollow .stainlard of cast iron (I'ig. 224) 
fiirni'-lied with ledges for the anvil, and 
witli holes at the side; for clearing out 
ilie srab' and dust. Such a easting is 
cavils made fioni .i pattern h>' t'oriiig 
out, gn e, les., rei’oil than wood, ami looks 
near. An\il'» weigh from :i fiwv lb. to 
4 T) cw!., one <d’2 cwt. being td’suitable 
M/e i(.r ligilt Work. The conical end Ts 
c.illed till* ‘dii-ak/’ or “biek,** tbt* .steel 
top lliu ‘‘face,** the budy the ‘d’oiv.^* 
'fhere i- a sipi.in* lude, or sometimes 
two sejuare hole'., in tin* fbc*e to receive 
tile anvil cutter and tin* variou-^ bottom 

tools. 

(>ff)n»l.irge number of fools of dif- 
fi is-nt shajies <'ii)j»biyed bv .sluilh.s, tlusse 
wliich arc* in most constant request arc 
tlie iianimiTS and tongs. After the.se 
come the dillenuit .sets, swages, fiiVlers, 
and flatters. A smith who workf alone 
is vastly more limited in the luinilmr ttf 
toiils wliich he can employ than one 
who ii.'is a .striker t * as-ist him. When 
a man is Indding liis work with the one 
hand and tlie hammer with the other, 
he cannot be bolding top swages and 
flatter:, and sets as well. !*ut when a 
two-han<led jol is lequired, lielp can 
usually he (djUdned. 

Of hammers there are tw'o ]»rincipal 
ty]>es, each varying in weight and 
the hand hammer (Kig, 22.^*) and tlie 
sledge (Kig.-i. 220, 227). The former 
weighs 1-V lb., the latter arKuit 4-14 
' lit. A iiaod hammer of 2-'> Ih. weight 
i is n-eful for general wnirk, the lighte.st 
, liamnier, about 1} lb., being (*hieHy used 
j liy the Miiilh to indicate to his striker 
at wiiicii points to direct his blows, the 
heavier hammers for drawing down and 
forging light works. The lighter 
.sledgC'. are used ‘Mip-handed,” that is, 
for lifting and striking in ncironlar arc 
simply, over the* work. The .heavier 
.‘ledges are swung in a eopiplete circle, 
or “ .about sledge.^' The iiandlcB of each 
of those haunnors are made of ash, ^ ell 
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Kjtoke-sliaved, and siiuiothctl with glass j 
]»aiK.‘r, and are nedg<*(l with a Miiglu 
\vo4i>l wedge, a.s j^liowu in Fig. 
nedcfbs of wcmmI being loss likely to woik 
loM'ethan ofinnn 

Taking th^ \arniu^ longs in order j 
(Fig. we have A and i> tlie Hat ‘ 

Nit tongs, having Hat jiarallel jaw-, llie 1 
u idtb of opening of the Indng ' 

greater in the ojien nioulh”A than 
in the “ elo-e mouth 1> - the former 
bejug nseil for thiek, the latter for thin 
work, but eio h being sinulailv n^<*d lor 
tb'* i»nrpo.s(‘ of gra'-jdng tlat iron l)avs 
and sheets. The ]nn<‘er tong's t’ are 
made m two furins, tlie brsf being 
simply et)neavc in tin* j.iws, llie seiond 
\eeil as sht>\vn, tb*’ fnnetiou ol e.i\ b 
being the gri*sj>ing of roinul, s<|n:ire, or 
bevagonal bars. Tlie iodlou .s|'a<‘e b»— 
bind the jaws allows of edlars aiol 
siiniiar e\jt.insii>ns on forgo.l wm k being 
eiU loSed tlierebv. I> are tongs ol 
sinnlar lypi*, but moie wididv nsefol, 
)‘ceai^se bnnoT and more enlaiged Im-- 
bim! the jaw 't’be “ ero(d\ Idl ttmgs ” 
K are Very eommoii, and are made in 
' .11 ions si/e-^, t lo ir penihar shape p<'r- 
initinig of a liar of ir-*n I'li- ing down 
by tlie handb's, while tin* lij» on one 
j.iw Muwes to retain tin* ]»ar in ]daee. 
file‘‘hammer tongs** F grasp puio beil 
Work, enteiiin^ into tin* punebed lioloh. 
1'he *• lioop timgs ” (i are for bolding 
rings of tliin metal. II are •• l>.>!t 
longs ” for grasping bidts or rings of 
I'oigid liar iron, i .1 an* two torin.s of 
•jtliers.’' ^ln» latter being in eoiistant 
Use for general liglit work, pieking np 
light ro(b, punches, diifts, hardening 
and tempering looks, etc. K aii* 
“ hol!o>v lilt tongs,** inatle in manysi/t‘> 
for hobling roils of cirenlar or t»ther 
M^etions, While I. and .M are tlat 
tongs,*’two of the coninuunr modilie i- 
tioiiN nf the last type, and ul io made in 
Several si/es for gi.isping tlat bars oi‘ 
dilVeronl. widths and Ihieknesses, 'I'he-e 
embrace the niidiuipai types of tongs 
hut like many other loids, they va]>idly 
irn reasft in number, and a singh’ f<»rge 
W’ill have 2(lp-r>0 pairs of cliirereiit si/es 
and in various inodifications. 

AU tongs arc made to grasp their 


work hy means of a “ coupler’* enihrac- 
ing thi‘ haiuiles or reins (Fig. 220 H), 
and just iappotl over with a hammer 
until they tighten tlieni'^elves, 5o that 
1 he ‘'initli has i>n!v to tin n llie longs and 
work about, tin* coupler mainlaining a 
lirm imb! of the jaw^s on the work. 

For rutting i-lV bar-', rounding edge.s, 
aiitl laoigh drrsviiig of forgings to 
-liape, the ehisrlNj nr “ sets,” and the 
gi.uge-; are emiiloyed, FuNt there i.s 
the anvil t n1 ter ( Fig. 2d>0), who^e shank 
drops intt> the sipiare hole m tb.e anvil, 
bffoii* ment\oni‘d. 'Ilo* ihi-e| edge 
bring theielore uppiunofst, wiiru a bar 
of rold iii*n is p].os*d it and .sfrui k 

with tbe hammer, thr ),ai boing rotated 
llir wlnlo, thr Kittrr i-- nirke.l i irrularly, 
aiol mav tlieu la* ea^.ilv broken ad’oss 

4 

till* edge ot till* anvil, the liaiduro ap- 
)>r.iiing of a < rv lallim* cliai.irtcr. The 
imt ’’and “ I (dd " sets ( Figs 2.‘il, 2.*’»2) 
all* ‘\\so <’hi-o!-likr tools, the ditVerenco 
in t hove ronsist iu"* in the angle at \\ hirli 
lhr^ are gioiind, llie ‘•hot srt ” heiiig 
gniiind tliin, the “coltl set'* ladatively 
tlmlv. and n>rd, as tiieirnamr.s imply, 
(dr cutting bais lo-t (»r i’old. The^i an* 
handled in a similar tashion to hammers, 
or on wilhv r«>d.s oi- rods of iron, tin* 
sketrhes indiiating both forms, and the 
modes of h.iudling a[ipl\ ing indilh-rent ly 
to either. Tools like Figs, g’ ld, 2<»4, 
ilitTcr ('mIv in r<*.spect to their Widtli ami 
I radii, t hell edges Ireing cniw rd tovarioiis 
s\vee]»s for cuttingcorresponding outlines 
on retl hot iron. 'Tliese “ g\>nge> ** or 
I ‘MudI )W sets ** .ire struck bv the sledge, 
the smith hidilmg tlie tool liy the witiiy 
handles, while lln* striker diierts his 
bbwv.- on the head. 'The bevel is lither 
lusub* »>r oiilside; and when cutting 
. tlirougli a thick ma.ss of immi, it is 
‘ nrre.ssarv to wdtbdr.iw them oec.ision- 
; allv, and di]^ them momeiirariI\ in 
* water lo prevent softening and lo^s ot 
temper. ^ 

1 l‘.esid<’S these there are a l.irg<‘ lunu- 
! her (d‘ non-cutting t<»ds of dillcrent 
] forms. (dnef among the-e is the 
' “fuller,” used, as its name implir':, (dr 
! “ fulleringor djawing doTvn iron in 
I a serie.s of grooves, Idr welding, or for 
; obtaining a tlat Mirface, or for produe- 
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inc; starting point from wliirh to 
bond a bar* A fnllor” shown 

in Fig. 235, A, a bottom fnllor”or 
“anvil fullor’* at !>, the lattor resting 
by its shank ov“r th<» anvil holi», the 
former In-ing hautlled haniinerlike, or 
by nithes. 'I'lie tup 1‘nller niay bo n^e^l 
while the bar rosN iijuni the au\il Hue, 
(»r the }>ar may rest njum the bottom 
fuller and he struck bv tin* bammer 
above, or the har may be drawn down 
between the top ainl l)ottoin fullers, 
tin* upper one heitig stnuk bv the 
sledge while till' bar is mo\ed into 
siu’cesNive jMisiTiiius until tin* iron i'. 
thiuneil (»r tapi-rel }iy a sojhs tif 
grooves. The “ uiekiug fullers ** (I’lg. 
2 15) are made in various s\ve«*ps, an i 
thev I'lilfll th<‘ same juirpose for (dia ii- 
lar sluifts ami rods lliat the others do 
for tlat bars. 

To flni'*!! jd.im* surf.ires, t lie *• Hat lei* 
(Fig, 23h) is emjdoyed. Tlu.s is also 
struck by the sledge, and Imishe'; or 
tlattens the surface, niuoviiig the uii- 
evon ridges and indeiitatiMus left hv 
the lianimers and fnllei ing tooK, 

The “swages^’ form also a very 
large familv in tliemselves. Tlu-y an* 
so termeil lieeanst^ bv tlieir agem \ 
work is “swageil ” or drawn down ami 
made to assume <(ellmt<* outline eorres- 
ponding with the shapes of the .swage**, 
'i'hese are, therefore, dies in jndmiple, 
because ilie work can only assume the 
shapes given to tlie swages. I'eing als«i 
used ill pairs, one top, one bottom, 
they are I'omnnady culled “ 1o]» an 1 
l)ottoin tools.’^ Some shapes are giMUi 
in Fig, 23V. A are bottom s^vag^-, 
that is, they fit by their sf[uare sliauks 
into the hole in the amil lace. The 
shajin of tho corresponding tojj sw'agcs [•< 
seen at 15, The ordinary shajies are tin' 
Jialf'-ronnd, the rood, ami the hc\agonaJ, 
<*ach being re^jiiirel in different si/es. 
I’ig. ‘23S n'jireseiifs swage hioek for 
a heavier class of w*ork, the various 
sectional forms around its edges 
answering the ]jur]*ose of bottom 
swages. ]^. is ctmi’enientl^y laifl uj>on 
a oast iron stand, similarly to flic 
anvil, on wdiich stand it can also be 
laid fiat in tirder that the central holes 


shall fulfil the functions of “heading 
tools,’* tliat is, of tin; type of Fig, 244, 

I for finishing the square shoulders of 
bolt heads and similar flat exjamsion.*:. 

I The to]i and bottom swages are fre- 
(pi^Mitlv united in one with a Uuit rtid 
of iron, which serves to keep them in 
line, and hecoines a convenient handle, 
Tliev are then lurneti “sjiring swages,” 
or ‘‘ s}>ring foid^” (Fig. 2.30). 

'riiero ale three modes of handling 
tools emjdo\i‘.i bv Muitll.s. Tin* lil'St, 
just ilow refei rerl to, of w'eilging the 
hammer liea<I last in the shaft. Th* 
M'cond, lli.it ni.ade iise of with .some «»f 
tin* set'', goug4*s, fullers, and thitter.**, 
iiMwlinh the liamlle is simply thrust 
through .an eye m the tool williniit anv 

I ~ * • 

attemjit at W4-dging, the reason being 

I ti'at their eonstani.-and almost tlo.se 

I contact with n*d-hol iion would cause 

! Wedges to Work slack almost directly, 

I llema* file .%nulh, ]il’evious tn using 

; 4 itlier ttf th 4“-e to«»b, ii‘'Ually strikes 

, tlie butt mid of the shaft on the %nvil 

; to tight«*n the liead. l.astly there is 

[ the inetluMl of fixing hv hazel rod.s. 

3‘)iese are straight Jiazcl stkks about 

' in diameter, twi.sted round the 

iieeks of tin* tools (S Igs. 235, 237), tho 

. elastic, x\ood preventing painful jarring 

i and idisteniig of the haml of the smith. 

I Jiefore being bent, they are soaked in 

; w'ater and sleanual over the fire, the 

I ojieratiim ladiig alliMiiately reiMMted 

until tht^y are sufTieimitly jiliable to 

bear bemling ami tw'isting, but ^oi 

; taking move than a miiiuti*. or tw'o.* 

Tile paiaiiel rods are united jterma- 

iieully by !i coupler, and jAc never 

taken 4»lV the t«»ols <'\('i*pt when they 

neefl renewal. N’erv often it U tin* 

• 

pr.a<'tiee to substitute iron rods for 
those of xvood, as being more durable, 
tlie rods being bent in tho same manner. 

A hook xvrench (Fig. 240) is used for 
giving a .sliglit amount of torsion t^o 
I fiat bars while rerl hot, xvhich have 
I become twdsted or winding in the 
process of forging. Fig. 241 may be 
taken as n tyqie of the punches'whicli 
are employed for piercing Wjles through 
red-hot iron, and Fig. 242 of the drifts 
for enlarging and making them paralkd, 
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ibc work lioinji JaM ii]»on a lutlsior 
(Kij;. 24?^) ilie uliilo, Yh^. 244 is a 
hoaflin*; too), of which there arc hcvcral 
hizc.s u.-iotl for sli(Mil{l(M injj the hca4s of 


As a siinj)lc e.\ani})lc of tlic practice 
of forG;in£^, take the comicctiug rod 
(I'ijf. 24r>), OIK* with a forked cud 
hc-iiis; ]nirposeIy cIiom-h as bcin^ more 



bolts and rivets, or any work provided 
with citdiars, thouj^h where a collar is 
welded or O^ierwiso formed on the 
centre of a bar, collar swages are Qften 
nse<l in preference. 


coinjdete for puiVoscs of illnstration. 
1'his could obviously be nuidc^by build- 
ini; iij> —that is, the enlargements at 
the ends could be welded on a bar o( 
the diameter A; or by &w*aging down. 
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in which the diiiinetei' A woiiltl he 
hammered down from a bar of the 
sizes i> or C of tlie larsjer ends; or 
by jumping up, whore the cuds would 
t>e beaten up 4ir ** ujiscf, ” on a li.ir of 
diameter A. Or it ("ui be iu;ide b^- a 
j’ombinatioii of tliese pnx'es^fs if a i»ar 
of medium dimensions oulv is available. 

Say we have a piece (»f bar of tho 

dimensions A ; we can get on verv well 

with that. We build a fire in su<‘]i a 

wav as to obtain a sidid core of heat*' 

—that is, we have a l ertaiu porli<*n in 

front of, i>ut away at a distance of n 

few inches from the tuyere, iuteiiselv 

hot, and for the time ladng open above, 

but flauKed at b.iek and frtuit with two 

masses of wetted hard-calcod small 

green coal or “ shirk,” whieh pinitially 

eoiifiuc the heat (Ki*jr. ami form a 

rt‘serve supply for the incaiides<*erit 

mass; and the largi'r the forging the 

larger the reserve of “slftek.” Cutting 

that portion of the bar wliich reiiuires 

to bo heateil—in this ease the end-^ 

into the centre of tlie /ire, e<iver it over 

with a mixture of stock autl new e<ial, 

so as to oneio.se it completely, localising 

the lieat where required by keeping wet 

c<*a] over the portion w'hieli is not to 

be heated. Then the blast is put on, 

and the heat is enclosed and inteiisiiicd 

around the bar. The bar, esjiefdally if 

large, is to be turned partly round in 

the fire now ami again to eipiali.se tbe 

beat, the blast meanwhile Indlow'ing 

the Arc in the immediate vicinity of 

• 

the bar; now and then, also, it will be 
})artly withdrawn in order to he sure 
tliat it iloes not g»‘t lAirued. The heat 
at ivhieh it should get taken frimi the 
fire varies with eii ciun^tanees, a full, 
rod heat being suitable for ordinary 
forging; while for jumping iiji, and 
welding, the iron shon]<libe white h<jt, 
and just beginning to throw o/f vivid 
s])arks. Beyond ^his ^enijuuMlure it 
becomes burned and sjy^lefl. When the 
bar is at tlie wliite h^it, it is removed 
from the fire by ixi/ans of hollow bit 
tongs and transferjfed tlie anvil, 
whence Ve will follow tbe process 
through, remembering that in smiths* 
woi'k the whole manipulation must be 


foreseen from the beginning, and the 
tools all be at hand, so that there shall 
be no hesitation and loss of time and 
lu'at. We will first suppose that the 
hollow of the forkoil end is to be slotted 
out <>r the srdid, and thAi, for further 
illustration, we will assume that the 
hollowing out is to be done at the 
anvil. 

While at a white heat wc shall 
the iron iu <u‘der to obtain 
sullicit'nt bi'*adth for the furkcfd end, 
and to do tills a short heat only will 
have to be taken on the end of the kv’*. 
Tims if the length of the forked portion 
V were o in., the en<l of the bar would 
be iioatcii only to a length o£ 7-S in. 
if more lenglli is required, two suc¬ 
cessive heats should be taken. That 
portion of tlie }>ar, then, which lies 
beyond the which has to bo npset 
will not become bent or otherwise dis¬ 
torted during tlie upsetting process, 
but remain rigid, 'I’he upsetting is 
perfiinned either by jumjiing th^fp bar 
heavily end on to tlie anvil, the hot 
jHirtiou, of cour-^e, being downward 
(Kig. -47), heiK'o also called jumping 
up, or it is hammered with the sledge, 
swung in a near!} liorizontal arc, the 
smith liolding the bar horizontally ox* 
tiic anvil wdth the tongs, or a heavy 
cast-iron monkey (I'ig* -48), suspended 
liy a chain, is swung heavily against 
the end of the bar. 

When tlic amount of jumping tip 
wliich is required is slight, the .first 
metlnxl sulliccs; for heav;^ work tli»5 
latter plans are adopted. Upsetting 
reduces the length and in^reasca the 
breadth and thickness, and tlie enlarge¬ 
ment, being very irregular in outline, 
must needs be made considerably larger 
than is actually required. At the same 
time, since the jumped mass will be of 
a rudely circular shape, being Bim]>ly 
an expansion of the shape of the bar, 
a rough outline of the shape finally 
required must be iinpaWed to the end 
by hammering,. the hammering and 
upsetting alternating, so that Uie iron, 
still retaining its heat, mh hammered 
approximately level and square on font 
sides, forming a rectangular block or 
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lump at the* tuul of the rouml har, 
lU i*xircnie liiiiu'iisioiis Loiuj; hlij^hlly 

Ihrin tlu’ out and eml iliino«>ions 

i»r tho Im'S’^os (f. J»v thi*' tniio it will 

% 

ju'ohahlv h:i\o lost most of lt^ heat, and 
uill i;o hark ^o the tni* to ho made 
itoarl} as liot as iu ihr fir-t jdaco. r*y 
iiU'Jiii.s of the fullor first and thu ilatter 
.ilirrward, tin* hollows artuind tho 
h'ls 4 , and iho lint'. ^ will ho M‘t tlown, 
aitil . imil.irlv the ilat> c. '1 lio oiit^nh* 
*i' undinix <d tin; hos^i s will he imjjarted 
hy edV a jjoitmu of tlio cojiums 

with a hot sot, thou hamiiimu-^ wilii 
all oi'din.iiy liamnu r, and sliiooti.iUL^ olf 
with a top swajro strmk )iy a sh-doo. 
'I'ilo wliolo of t ho hlai k dinii'UMOUs will 
tomaiiL wh(Mi iinishod attillo o\or Iho 
hrioiit Iinishod sizos, to ^i\o sutliiioiit 
sllowanr** for macinuini:. Tho louinl- 
ino cifl at d IS ilrst iinlidy cul witii the 
lod sot. or w itli a £:;'moo tool, tiio hoa<ls 
those liiols hniii^ slrio k with tiie 
^ledoe. 'riie aii^uhiritios will he hiuiton 
down rapidly with »in; hammer, and a 
t‘*p aR«l a mckiiiir swa^e (»f Miitahh* 
* iirves will be used to impart a tniished 
out line. 

The bar wiP now info the fire 
•Tt;.iin, and the heat w ill be taken omt 
it e.\teiidiiic; from tlio fork to about the 
eentre, A nicking fuller may be iisrj 
to slnmlder dow'U the sijiiare bar to a 
'■l'’cnlar seelion Just wlmre it depru'ts 
troin the forked end, or if the luir is 
^umII it may he simply hammered at 
the auirles with a hand hammer or 

o 

s%'igo. When the diameter is roughly 
reduced dow^i to the reiiuireil size iic\t 
tile fork, original size remaining at 
the centre, it will b'J readily fiiftshed 
hy swaging, the proper allowance heing 
hift for turning. This need not oeeiip\ 
more than cme liuat. "J’he other half of 
the rod can be swaged down iu anothi'r 
heat. Then there reniahis the stub 
t*nd \\ which has to take the strap, and 
*his will be jumped \\\> in a short Jieat 
i'iiiiilarly to tl^o forked end, finished 
with the Hatter, and jieatly fullered 
down arownd the neck. ‘ 

In this illuK^atlon we have supposed 
the-space bctw'een the fork ends to be 
faloltj^d or* drilled out of the sond. 


IjuI if the fork(Ml ends were so wide 
apaii'tliat the slotting or drilling out 
of tlie interspa<‘e would be considered a 
ln'a\ V t.isk, or if the end were that of a 
lough bill* or pump which would 
n<it ]i.iy for nimdiining, the forks ivould 
he itirgeil as follows: if the wnith of 
t)ie hnr wore le^s than tw'iee the thiek- 
ue'-s <d 4 .icli folk, it wmild first veijuire 
Iti he jumped up until Its wi<ltli w'cre 
somewhat iimri' tli.iu twice the thick- 
iirs^—that i^tos.i^.if the folks were 
f,' in. fiiuk, the width of the har should 
he ratJier umre tiiau l^in., say IJiu. 
or 12 in. As hefoie, a slioit heat is 
1 lien taken, exif'uding no fartlier than 
just }»c\ond tile .vjiouhler. The Hat 
]>oi!}on IS laid ontiie anril, and <iiviiied 
111 lough the rent I e with a hot set, 
cutting lirst from one sitie, then from 
file 4»ther, and meeting in the ei-ntre. 

Sonietunes a lode* is first prinehed 
at tin* hittom of the holh^w. Once 
iliM'ieii, it is leaililv ojieiied out first 
tife V-sha]pe (Kig. then the 

hollow' is lormed hy jumpuig ami hain- 
tneiiug ovei a hottolii tullel id‘ Colisi* 
ili'rahh' breadth and deptit (Fig. 250), 
sometimes lermeii a dres.ser, or joint 
dresser, until a rough outline of the 
liifun'atioii IS ohtaineil. Then the more 
exact outlines ami tliiekuesses aio given 
in a second lu'-it hy jndicKUis hammer¬ 
ing, and finishing, jiartly oxer the 
dn‘sser, ]iart1y on the flat overhang of 
the anvil, if the space hetw'con the 
folks is sufln lent to |>orimi of this. 
Finallx, when the shajiing is done, the 
fi>rks must be tried for parallelism with 
tile axi'' of the bryf, anti if mit of truth, 
they will bo set oxer with tin* hammer. 

It is easy to see how a ditVerence iu 
relatixe pvojior’ions xvoiild modify the 
method of making whiidi ought to be 
adojded, and s.iiee our connecting rod 
is selected, not as of any particular 
size, but illustrative only ot dillereiit 
iiiothotls (tf forgn^g, x^e will now' make 
it tho medium tu*. sundry remarks in 
reference to the pricticc of welding. 

Upsetting is iuu^l work when the 
iiuaiitiiy of mftal tJi be upseiiis large, 
and paitienlarly so when tlune without 
the aid of a imuikcy, or in the absence 
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of a massive ]>Iato >vliioh is frequently j 
<;uiik iu the iloor for the same ]>iir])ose. 
Welding is, therefore, much eiihier in 
certain instances. But the stub end B 
(Fig, 245) is not so tinich larger than 
the original .size f*f tlie har in the 
centre; therefore we may upset that 
very well. Also, when the sum of tlie 
widths of the tw*) forks is little more 
than that of the original l>ar, and the 
forks are f«u‘ged as ui the la'^t example, 
we may accept the jumpitg up method 
as being pricticablc. ^lorcover, in the 
first instatiee de^^crihel, we ujiset the 
bar oil the sn]>pt)sitiou that, thougfi the 
end was s<»lid, it w’as not of great 
width, and thi.-v would aKo Itc a|>j*lic- 
nble to the en Is many light levers. 
But :l^suIuiug the end \vi*re both solid 
and W'ide, noMsuniig, say, (jver the 
bo^>^es d or 4 times tlie diam<*ter of the 
l»ar in the centre, w'elding then would 
l)c pri'ferable, becau’.e involving less 
hiliour. 

When making a weld, there arc'three 
points to lie iioriie in mind: to have a 
joint of .suflioieiit are.i, and in suitable 
ilirection Ibr liammering up; to have 
the neee.^sary temperature ; and to bo 
.sure of jicvtoctly clean surfaces. For 
the tirst condition, a .scarf joint, that is, 
(»ne running (liagonall^v with the 4*onimou 
axis of the ]>ieces to be shut (^Fig. 251), 
IS to be preferred, and is, tli^^refore, 
conimonly employed when practicable. 
Wheu a scajf joint cannot be u^ed, a 
vet^d or cleft joi.it is suitable. Wheu 
th.'it cannot be emjdoved, a sjireading 
j'jint, ma-le by fullering down a porti<in 
of the bar, is resorteil to, A idain 
butt joint, except when toe almtting 
surfaces are of large area, is scMoin 
used ; but flat surface f.huts are com- 
moil. TJic temi)erature for welding 
iron i.s that just now referred tr>, when 
the iron liegins +o s])arkle, auil to drop 
otr in globules, j^or styad, the temjiera- 
ture is lower, bai‘ely/aj)]>roachiug to a 
white heat. Did’ert^t qualities of iron 
and steel require /lUrerent degrees of 
heat, and the temperature in each case 
become ^'matter rtf experience. Wlion 
the ends to be welded are taken from 
the fircj any scale adherent to the sur- 


fiice must be detached by striking the 
bar smartly on the anvil, joint face 
ilowuwnnl, or by sweeping away the 
scale with a muck brush. If any 
persistently adhernig scale 1 ‘emains on 
the faces, tlie shut sIioUhI not be made. 

Fractures occur sometimes from this 
reason, tlie weld being jierfect near tlie 
edges, ]>ut faulty in th«' centre. The 
joint surfaces are usually dusted with 
saml, but thi*« is not .so esMUitial as it is 
Sometimes stated to be, provided tlie 
.'»(’alc is removed in tlie manner stated, 
for numbers <»f orJiiiary iron shuts are 
made without it. The weld is made 
immediately tliat the faces are brought 
into contact, by vapid hammering, every 
second at the welding boat being of 
vital importance. When closed to- 
gotiicr with the hammer, the joint of a 
good wodd slionld not be visible, the 
]>re.sence of a blaek line iudicaiiiig that 
the shut is im]ierfbct. Jf during liain 
mering the bar becomes reduced or 
drawn down below its proper size, dia¬ 
meter, w'idth, or tliickness, as the case 
may be, it mu.st be slightly junipcfl up 
to thicken it sutliciently, ami then 
swaged circular, <jr smoothed with the 
flatter. Iron and iron are easily 

m 

welded, .so are the niibler varieties of 
steel ; but some hard and brittle steels 
require t.-w t and practice to weld pro- 
jieriy, and some, if heated over a cer¬ 
tain teinjierature, crumble under the 
hamiiMT, 

In a connecting roil, tlie c<tttor way 
in the stub end is usuallv drilled md 
filed out, but in many instances colter 
ways and holes of oiher#« shapes are 
{lunched and driflfd, cither to save the 
labour of drilling jirevious to filing 
through, or aa being suitable enough 
for the ]mrj)Osc which they have 
fulfil. Before punching, tlie iron is 
brought to a welding heat, or nearly 
.so, laid u])on the anvil, and the punch, 
struck with the hammer, is made to 
pass half way through, from one face. 
It is then knocked back, the iron turned 
over and punched from tht5 opposite 
f.ico, the holes ineetini^^ therefore, in 
th.e middle or thereabout. Then a drift 
is in.scrted ' i the hole, and 'dthcr 
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driven half way in from each side, or' 
through, areordini; tt) cireuin- 
slanrrs. While the drift U still in 
jpl:u‘e, opportmiity is taken of jjivinjj a j 
ri.iiirli kind of linish to the exterior j 
ontiiiii'. J'lineW^-i and drifts lieconie 1 
]eil hot, and Soften and iieiid if they , 
veiilain more than a few iuitiiit<‘S in ; 
Contact with tlie iron, st) t)»at. it. is 
iieeer.sary to roiimve them once or twiee 
ffom a di'ejj hole and ruieneli them in 
water, Pnnrlioa and diifts are u^tiall) 
]iieke4l u]) with the jdierK, thon;j;h the 
i’onwer are sonietinies ^ini^})ed x\ith 
withy handles, 'i'hey are rireiihir, oval, 
or lertaneular in .section, the dilh-nnuc 
that while a ]iuneh is taj»rred, a 
dull is |iarullel for a considerable jmr- 
lioii of its length, and tapers only 
toward the end. j 

When hendinj; work, various devices 
are resen'ted to. A turn-<lowii edj^o at 
ri'^ht uncles would he heiit over the ' 
edjre of the anvil, the tint <»f the bar 
Jyme horizontally across the anvil, tlic 
Miiitli ^raspincr the tongs, and ste.oh incj 
them acaiiist his let; to resist the force 
of the endlong hlow.s. The bar is fie- 
(piently nicked across slightly witli a 
Itillcr ]>revious to bending, and the 
fnller, having a circular section, does 
not ttivide the tihre as a set would do. 
Kyes or rings are bent .around the heak 
of the anvil, whose tapered outline 
permits eyes, rings, loo]).s, and curves 
of many dilFerent dUinetors hoing hont. 
I’lg. 252 shows the inetliod of welding 
a and angoye. llings of large <lia- 
nioter are liuished on the conical man¬ 
drel (Fig, 4155). Small rings are 
hiiished on a parallel bar or mandrel of 
suitable diameter, the bar remaining in 
dace wliile the outside is finished with 
.jatters or swages. When eyes arc 
H'ing bent, or other work being j^cr- 
hirined tm bars of considerable length, 
tlie trouble of supjiorting the opposite 
end is saved by driving a rest (Fig. 
^•*4) into the ground, and placing the 
W in the hollow. 

When dding forging, it is necessary 
to take tneasurdknents rapidly—not an 
easy task with hot iron. lienee, gauges 
Motchoil to (liflereut .sizes are made of ! 


sheet iron, say J in, thick, the size of 
each notch bei.ig stamped above it, Fig. 
25.5 being a g.inge for round, Fig. 250 
one for flat b.u-s .—(Knfflish McfhftntcJ) 
Tools, keeping in condition. 

—’Die fiilbivling Idiits may be iuuml 
ii'jcful, e--jic< i.illy in amateiirN* shops 

where toi»lsave m»1 always in use:— 

« 

Wooden paiis.— Tlie wooilen parts of 
tool,, bin h as 1 he stocks of jdanes and 
hamiles of chisels, are often ni.ub* 
have a nice apjMMraiuM‘ bv Fumch 
}Mdishiiig; blit tiiis adds nothing to 
their dnrabiliti. A mueli bctt»r plan 
is to bd tliein soak in liusfcd oil fur a 
xvei'k. and rub them witli a tbdli fur a 
few minutes evorv dav f<»r .a week i»r 
two. d’iiis pr<*duccs a beautiful surf.ice, 
ami at the same time exoits a s*didifv- 
ing and preserving action on ihc wooil. 

li on jiarts.—Kust jire\ out i\ e^.—5*lie 
ftilbfWing recipe.s are recoinmendctl for 
]»reveniiiig rust on iron and stci I sur- 
fa<es 

1. t*aoutchouc oil is saitl to have 
proved etlii ienl in pn'xt'iiting rust, and 
to have l»*en adoj'ded by the fiennan 
arniv. It oidv reqiiiies to be .spreatl 
with a j>ie4'e of tiamud in a very thin 
lav«‘r o\er the metallic surface am! 
alloweil todiy up. Siuli acoatirig will 
aibird socinity again.st all atmosjiheric 
influences, and will not sliow any cracks 
under the microscope after a year’s 
standing. To remove it the article has 
himjily to be treat^Ml with caoutchouc 
oil again, and washed again after 12-24 
luiu r.s. 

2, A solution of* indiaruhher in ben¬ 
zine lias been used tifcr \ ears a< a coating 
for steel, iron, and lead, and has been 
found a simple means of keeping them 
from oxidising. It can be ea.sily np]>lied 
with a brush, and is easily rubbed off. 
It should bo made about the consistency 
of iTcnm. 

5. All steel articles ^aa be perfectly 
]>veserved from rust by jmtling a lump 
of freshly-burnt lime in the drawer or 
case in which they are kept. If the 
things are to be^movtd, as a gun iu its 
case, for instance, pui the lime in a 
iniislin bag. This is especially valu¬ 
able for BjH'cimons of iron whei^ frac- 
• to - 
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tureJ, for in a i«oJerat(^ly <lry the polish cfTectually, and may he reatlily 

lime will not \\aiit reiiewiniir for manv ruhhed olK 

years, as it is cajiahle ot’ ahMuhim; a 0. 7’i>pr()lert mefaluS from OAidation, 
amount of nuu.slure. Aitiilesin polishe-i iron or steel tor iiislanec, 1 he 
use sluuiid be placed in a ho\ nearly ] ropiisite t*> exdudt* air and moisture 
tilled ith thorouijjhlv - slaked Iniie. j tVoui the act ual llll*talli^'surfaee ; there- 
iWfore usini; tliem iiih well with a ' foie, poli>hed tools arc usually ke])t in 
woollen cloth. j wrajt|iMii;s <it'oil-eloili and brown papei, 

4. 'i'he followim; mixture forms an ^ anil, tlui-. |iroteet4s|, they will preserve 
excellent brow 11 coatiii" for previ'iiliut,^ i a spittless fate for ah unlimited time, 
iron and steel troin rust: Dissolve 1! | lien these metals coinc to lie of 
jiarts crystallised iron chloii«le, « anti- | nc<*esMty *‘xjj4,scd in lieini^ <‘on>eitcd to 
moiiy chloiide, and 1 tannin in 4 of , n^e, it, is necessary lo protect tiiem hy 
water, and ap]dy with spoic^e or laij, 1 mean-; of some permanent dressing,,and 
and let dry. Then another coat of I hmled linseed till, winch proves a lasting 
paint is ajiplied, and ai^ain anoiiier il ^ coveriHLj as it drit's tui, is one of the 
necessiirv, until the colour bei oincs as | best preservati>es, if not the )>est. lint, 
dark as desired. When dry it i-. washed j iii order to ^ive it liody, it slnnild be 
wdtli W'ater, alloweil tti tlry ai^ain, and j thi(keiied hy the addition of some jiii;- 
the surface polished with lunled linseed ; ineiit, aiui tiic \erv best, hecati.se the 
oil. 'fhe antimony cliioride must be as mo.st coinxeni.d of juj^nients is the 
nearly neutral as possible. ^roiiuil ti\ide of the .same metal, or in 

f). To koe)) tools frtiin nistine;, t.ikc * pl.un wwirds. rusted iron reduced to an 
J oz. c;uii[»lior, (iissoUe in 1 lb, melted j nnjt.ilpaiile powoler, i'or the ilressiiii;; of 
laid; take oil tlie snini and mix in as | iioii and "ti t-1, W’iiieh thus forms the 
much fine bl.ick-lea'l (’graphite) as will joixmeiit or o.\ide paint, 
give it an iron eolour. ('lean the tools lih Slake a pioie of qtiickliinc w'itli 
and smear with this iiti.\tun\ After just water oiion^li to cause it to crumble 
24 hours rub clean witli a solt linen , m a covered jxd, and xviiile hot ndil 


cloth. 'J'lie tools will keejt clean for 
moutiis under ordinary circmiistances. 

G, l*ut 1 qt, fiCshly-sliiked liiiie, J Ih. 
washing soda, ^ Ih. soft soap in a Inu ket 
and sutlicient water to cover tin arti- 


tillow t(j it aim work into a jtastc, and 
use this te cover over briuht work; it 
call he easily wiped otf. 

11. Olmstead’b varnish is made by 
melting 2 oz. r<»siii in 1 Iti. fresh sweet 


cles ; j)ut in the tooK as soim a^ jtos- 
sible after use aiil wipe them up next ! 
inurmijg or let tliem remain until | 
wanted. I 

7. Soft soap with half its weight in 
jiearlash, 1 oz. of I mixture in about 
1 gal. hoiling water, in everyday u^e 
in mo.st engineerb’ shops in the dii]*- 
cans used for turning long articles 
both in wrought inui and steel. 7’Jie 
xvork, tiiougli constantly moi.-^t, does 
not rust, and bright nuts are immersed 
in it for days (ill wautetl, and retain 
their jioJish. 

8, ilelt slowly together C-8 oz. lard 
to 1 oz. rosin, stirring till cool; when 
it is semi-fluid it Ls ready for use. If 
too iliK^K, it may'be let down by coal- 
oil or benzine. Rubbed on bright sur¬ 
faces ever so tliiuly it preserves the 


lani, inelliiig the rosin lir.st, and tlien 
adding tin lard and mixing tlioroughlw 
'fins IS ajiplied t'> the inelal, W'hieii 
should le warm, if pos.sjble, and |»‘r- 
fectly eleaneil; it h afterwards rubbed 
off. 7'iiis has been wcllnjiroved and 
; tested fir many y**ars, and i'l esjieeiaily 
well suited b>r planished and Russian 



to injure very seriously. 

Uu-^t Removers.—(1) Cover the metal 

with sw'cet oil, well rubl>ed in, nnd 

iiJlow to stand for 48 tiours; smear 

with oil a|>plied freely with a featlier 

or jiii'ce of cotton wu'jI after rubbing 

tlie .steel. Then rub with unslaked 

» 

lime reduced to as fine a'powder as 
possible. (2) linmorset. the article to 
b.e cleaned for a few minutes, until all 
tlie dirt and rubt is taken ollv ^ 
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sti'oii" solution of }»otassinm oyanido, 
say, i oz. in a \vim\i;lassful of 

uator; tuki; it out and drau it with a 
tiH'th-hrush with ]»:i.ste cmiijM^sed 

of ry.uii h*, cistdo MJap, 

wIiitiiiL; uni wat(‘r jnto a ]>aslc 

<;f about a cousistnu v of thick {’roaiu. 

]\IUSICAL IXSTTITTMKNTS. 

(Lv. i>71* :ioo.) 

Take an oat culm <'r fin- fulm of any 

• 

otiior f cM^al still yrem, iMviiii^a l.in»t at 
Hire cuul, anil tin* other end fr« e, and make* 
a siiujdo louijitudinal in* i^nm in it 
(u l-itr- -.>7). On hl*»\\ ini^ in lln* lu-cen I, 
tluTi* will he oldaiiic I a sharj-, stiidcut 
Sound, somewhat ]cc:v)lnit^ tin iioiM* 
luaile l»y large gr.isshojnnu*N, it’ can* he 
taken to ju'oluco tin* sounds at ilose 
enough intervals. 

If a jdcce of lei* ! Im* so cut as not to 
damage the memiirano that lines tin* 
interior />, an I one sings in one of the 
ends the indrument, the exact* Muinds 
<if the recil idjiC will h(* obtained. 
There is no in-ed of cutting hotli sides 
of iiio reed. Om* will sntlice. On 
juittingthc reed cr(»ss\vi‘.e in tin* mouth, 
ill such away tiiat the iin*inl»r.ine cnims 
hetweeii the lijus, and on singing throiigii 
the nose, the ellect will remain the 
same. 

'Jdie union of several reeds or other 
tubes, one alongside of the other, the 
lower end closed and the u|*|>c*r oj»en, 
will give a mouth organ c, uijoii which 
little airs may be jiiaycd if the tubes 
are attuned according to the gamut. 

To make a i(ageo|'et, seh'< t a smooth 
willow braucli of the desired length, and, 
after bevelling ofl' one end, remove the 
haik. Then jnit the bevelled piece hack 
in jilaco after properly cutting it s<t as 
to allow of the jiassagc of nir. Next, 
with the remaining cylinder of wood, a 
pi-.ton is made apd inserted in the tube. 
Jt is clear that the deejier the piston is 
inserted, the sharper the sound will 
liecome. With a little skill and ]«itiencp, 
it w'iil become easy to jday various airs 
with tlAs instrument. * 

The manufacture of the hautboy is 
based Upon the same principle of decor¬ 


ticating wood W'hicli is in sap, but it 
diiVcrs 111 construction. Here it is neces¬ 
sary to take a branch of w'illow-or 
other tree, about IJ in. diameter and 
.*» It. long, and cut a spiral in it 
AftiT tlie h.irk ha^ ^;ecn peeled, tlie 
spirals are wound around each other 
111 Mu*h a w ay as to overlap them sliglil ly. 
In tills wav there will he ohtaincvl a long 
ci»nift, the hack spiral i»f which is fixeil 
hv a tlu-ru c. Next, a small branch, ^ 
in. (Ii.mu ter, ja tded, one of the sides 
on the two opposite f,i<*(*s istliiimed, the 
tiiin edges thus obtained are slightly 
Juxt.ipo^cd, and the uiumt end is intro¬ 
duced into the hautboy. When tins 
instruirent is blown, a \erv Imnl soun 1 
ohtaine'i, recalling that of the haut- 
hoy or bashtjon, 

A clieap ])itch pipe luay he made as 
follows : Take a small glass or metal 
tube about I in. diameter, or even a 
jiiei'e of reed or a carilhoard tube, aid 
introduce it nitu a .smaii cork to a deptli 
of IJ in. by means of a small rod of 
mea.suied length. This makes ifu exceU 
lent pitch pipe, wh’nh, according to use, 
gives the medium note of tlie female 
voice, of (he centre of the ]tiauo, and 
jiearlv' the second string of a well tuned 
violiii. if uf^ he preferred, make the 
tube about IJ in. deep, 

h i represent tlie cricket known t** 
sclioolbi^ys. it is made with a untshelt 
and a stick liidd by a twisted cord. 

Following iH a method of making a 
very simple reed jiipc: Take the caril- 
board cover of a package of cig:ir||.tti‘ 
]>apeT and make two a|fortures in it, 
i'acing each other and j ^iii. diameter 
J.eave one-h«alf of the paper within 
ci<»sc the covers /, and ]day ns w'ith an 
ordinary instrument of the kind.—(/-u 
N^iturc.) 

M' 

]*ACKINO AND STORING, 
(iv. 23-40.) 

Acids.—(a) The use of Ii(|uid car¬ 
bonic acid contained in steel bottles, 
introduces a certain elcnicui of danger, 
to mluimise which Flcia dier has devised 
a. safety crate for such bottles, as illus¬ 
trated in Fig. 258* Carbonic fcid is 
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Rufcfj' crate for carbonic ari<! ImdlcH. 

g<*nerally compressod ia steel bottles to 
a pjessur* of about lOO^atiuosphej-es; 


but the jtrp.sMirc (lo]>on<ls so largely 
upon the method of tilling and upon 
the temperature, that it cannot Ito very 
strictly fleiined. Jt is therefore neces¬ 
sary to have a large margin of safety, 
and before juitting a b(»ttle into use it 
is generally tested to 250 atmospheies. 
In ,s])ite of this precaution, exploj-ions 
do oci-asinnallv occur, ami this ha*i 

•r • 

created a certain feeling of iiiieasiness 
ni Cbuinauy, wlieio the carbonic acid 
imlusfiy has of late years developi‘d to 
a very large extent. Tim use o\' steel 
bottles for the tiaii-port of li(]uid tar- 
hoiiic acid was introduced in ttermnnv 
about four y<‘ars ago, and now there are 
over bott les in daily u^e* When 

the bottles are sent bv railwa} or cart, 
they are generally tudy placed in woialeii 
lnyxcs, uhith is corlainly an inadei|uiite 
]-rotectiou against rough hamlhug and 
^!loeks in tiansjuut. That an e\]dosiori 
of MU li a botlli* inav have seiious ecui- 

t* 

sequnit r , js sio'un hy a mde wiiiJi 
has l>een read hy (iiinteni-ann before 
tlie Oennan Society of Kngmet rs, de- 
senbiug au exploMoik of a caii»oide a< id 
bolllo oil board a Uhine steamer. V‘ov- 
tujiately tlie exjdosioii cK’cuired on a 
ISunday, wlicn nobody was on board; 
hut the animint of damage done to the 
fraim‘ wnik and deck of the vessel was 
very <’(»nsideral)le, wliilst oven on sh<»re 
tlie iHincussion was suiriciently strong 
to break several windows, 

'file immeihate tau^e of an explosion 
niav bo either coneuhsion or exjmsure 
to liigh teniperatuie, and the Fleischer 
safety crate is designed to avoid the 
former cause, and to lessen the destruc¬ 
tive result if ti^o ex]'1osion should he 
occasioned by the latter cause. The 
crate consists of a stout iron franie- 
w’ork formed by rings and longitudinal 
bars, whicli surround the bottle on all 
sides. A spiral spring is insei ted between 
the bofiom of the crate :ind tlie buttle, 
so that if the bott!* is caielessly put 
down during transport, the spnug giA'os 
ami flu* shock is soflencd. If, notv 'b- 
staiuling the a]iplioiition of the crate, a 
bottle slioubUburst, the vn\^ prevents 
the pieces being thrown about; but 
there is little probability of tbe bottle 
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flying to ]Mec'cs at all, tor if the irnrture 
occurs in the si<lo wall, it cannot easily 
extciKi over a distance trreator than tliat 
of two consecutive lings of tlie crate; 
ami if the bottle is hljiwii tnit the spiral 
spring will give, and mIIow llu* carhonic 
acid to escape gnidiially. 'I'he crate 
has the further advantage that it ^loes 
not interfere with the (lilino tin 
bottle, and is lherefon» aim a ])rotec1ion 
during tire pr«wess of filling ; while for 
transport, the woodoii packing caM*s 
hitherto customary may be omitted.— 
{Industries,) 

(if) A very simple luit ingenious con¬ 
trivance—it is So snnjile that tiie womler 
is the idea has neve ‘ciirred to anvone 
l>efor€—for protecting the ijji]»er jiortion 
of carboys Avhon pa<‘ke(l in hampers, is 
called the “Marjile Carboy Protector." 
The main object of tins appliam'o is tlie 
]»rotection from breakage of carboys 
when shippetl abroad. It is well kuoun 


baling ropo. Some years ago we .saw a 

|».itent. ])a<‘kage e<in.sisting of a stumpy 

kind of ]>irrel in A\iiieh tlie liottle was 

permanently Jixetl, emheiliieil in a kind 

<»f eenieiit n[» to the neU,, \Mth a li>l 

and liaiidlf'>. 'fins was \erv good in 

its wav, hut it will he casilv nnder-!,too<| 

• < 

that cTpeuse alone pre\ented its gener.al 
ndoptio 

'he Pndeetor," as will lif on from 
Kig-^. lTi'i, IS M ply a loose 

lid made ft) fit the hamper', an 1 con-' 
sists ot tvso iiH tal nng'', tlie sm.ilh-r 
and inner one intended to fit round the 
in*ek <d tlie laUtle, after being wVIl 
]savked witii straw or liav on the toj>, 
whilst tlie larger oi oi.ter ring fits just 
inside the top luu)]i of tha nam}>ei', to 
which it will be laslied with twine ov 
W'ir«. Tli(‘ two rings are Lraeeti to- 
gellier with tfTtra-siroug narrow hoop- 
imn, and the whole is then varuislied 
like the Mar]»le h.nnpers. 



IkjlLle |).«c!v*si lol ptuLccto]. r.ul (m> . U >111'* p..('Ucd \Mtli prol<‘t'1ni, 


in tlie chemical trade tliat all sorbs of 
devices are made usV* of to prevent 
breakage of bottles containing acids 
and expensive solutions when (‘unsigned 
on long voyagc.s. iSoine iiiamifactiirers 
oven go to the trouble and e.\pens(» of 
placing the full (‘arbny (haminir and 
all), in small emydy casks, packing 
them well with etrixvi, making iij» the 
lid, but leaving hanijle holes at tlie 
hide-s of the cask. Others cover the to]> 
of the hain)>er with a circular piece of 
timber ^'iJ^h a hole in tV c(;iitrn to tit 
round the neck of the bottle, and then 
fasten 4 dow'n to th'- hi^mper >vith 


aj)]-Iiance ensures almost abMiliife 
immunity iVom lireakagi*, .-fjid its cost 
is trifling as eompareii with other cr»ii- 
trivarices hitherto in vogue. The* only 
part of the bottle that i.s exjiosed is the 
corked ]iortion of tlie neck, and as the* 
Marple hampers arc sha|)ed so as to 
htow' easily in tiers, tlie slight ju'o- 
jection of the lairk above tlie level oi 
the ** Protector is of no material con- 
Ki'nueiiee. Wo may adM that as evi- 
d(‘iicing tlie ]waetical vaJup of the 
“ Protector,” we saw a cargo of vitriol 
in Lotties being stow'cd in a narrow 
capal lioat—-ftcrhaps tlie njost aAvk^yiG'J 
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kiivl t>f “ vosj?!*! ” fo Kti)w oaj}»»vs in—- 

and with tlin “ iVotoolor allixrd, llio 

r.ir)»ov.s w'vYv lannir Rt<>\vo 4 l awav in tiors 

four or five drep like so mauv dnnns, ! 

ami liie weu* standinij and ' 

vaikim^ ahi'U^oii the to]*s ul the fiotlh-s i 

as tlioui^h they \\ere on terra liriiia. 

. 'J'he onlv (irawhaek \\e ran see to the 

general nNf‘t)i'tht ‘ Protector that 

wlien aili\e<i it. is imt vu^v to see \\hen 

« 

the hottde is tjeftino fuj]. Tins will 
militate ajrain''t its nse, say tor tlie 
muiiatir arid trade, win-re the buttles 
are iisnally tll]<'d hy qnicklv, hut 

where la^ttles aie iilled l)\ tunnel, and 
a recoiTiiisetl rule adliere«l If) ot idlniif 
e^elv bottle wiih a j^iven wei-^ht, an<l ' 
no ni(H‘e, of any jiiirtnoilar cheniical, 
there is no reason wiiv the “ Pndc-etor ” ; 
should not j»n)ve as eneit a boon tor the 
Inmie trade as it nndoiiidediv will lor 
(In jnd'^n trad 

foiisienetl in rai bovs.— (^ 7 /^ /)*(/n .s 

I * ' 

J>>nr.) 

(O H. lias Iteen ‘diown Ibat coiieon- 
fiatfd snl|ihune acid oftbi^ P». bianiLdit 
into contact wiih straw, wood, and 
other orir-uiic stnli’’ at otdin >rv teni}»o- 
ratuia*, can ilexelop volatile (*r‘^anic 
a* ids and suljdnirous aeid in c<»n^ider- 
alde tjiiantity. This sullich ntly eAjdains 
the destruction of inni parts of \esM‘K, 
etc., ii(»t in.'u tnal contact with escapin'^ 
acid, and indicates that slcepii 
enelose<l sjiin-es in whieli coin entr.ited 
siilplniric acid is Lcinj; coiivew'd can 
only he warranted w'here venlilatitni 
^very 

Eggs.— (1) Buy lioxos froTii tin 
L’;rocer !\t is. a do/.*‘n and pack in 
meadow nay. Proc.ire a suit aide size 
box, till w'ith lia)’, press down tii^htly, 
then makes h(des xvith two 11111 : 01 "? and 
thumb uf the rio;ht hand, ami place tlie 
in position witli the left hand. 
Itozens can be, jiackeil in this way in a 
very short time. Divisional boxes, 
l>a])er \vraj»]dn^, cork, bran, sawdust, 
all fade awar as .soon as this .sim]de, 
txpenselcRs, Imndy, .and expe*litious 
plan is adopted. JNVver buy lioxes from 
the manulac^urcr of boxes bn* sittings; 
they are too eareful of^the wood and 
tjitjjlit)’. • (J. Fv;^ncis■Ul(>^Yn.) 


(2) The box may be a ]tlain, nicely- 
finished one, MJ in. by oj in l*y Ilf in., 
with iJie top, bottom, and siiks ral)- 
laded, so that taeh part iccei\es sup- 
]iurt fur its # ntire leni^th making tin- 
i»ox, .m a w'lude, \ery .strf>ng and ligid. 

■;a caj'ital ioim of box, and it is 
onlv to be rcirretted that mm-Ii a ime is 
not in the market at a reasiuiable piicc 
fur L’’eiieral use. 

(‘D 1 .‘•end tbousand.s of eggs to 
Loielon with a stiip of corrugated j>a]>i r 
alioiit ‘Jin. wide w 1 apped i<iuni eaidi 
egg (corrugations inwards, (»f 4*our.sc), 
and a layer oJ' hay top and lndtoin and 
between <*a<)ila}er of eggs, in wicker 
hickcls ((iiciilar by ]trefi‘M'nce). Tlieie 
Is staunl) evir a .single egg liroken, 
aihl it is the simplest, .'■ab-'t, and liio.st 
raj id p.uking (»t ihe manv modes I 
)ia\4‘ I noil and .seen, ’fhe wiaj'perc are 
ret,liiieil in j'hu’e simjdy by juxtapo¬ 
sition; eggs laige ends downwaviU. 
'file is that <‘ommoul\ used thr 

wra^'ping ineilnine liuttles Jor j>o-t, 
I" Paeon.) 

(4) 'i'll 1 ‘ggH may b(* paiked in a 
rtctangnbu* hanijur, lb in. Ij\ 7 in. l-v 
b in., e;t< h egg w^rapped fli't in tine 
.‘•innings ami then in a ]>n ee ol' roar-^e 
jcijur wrapping, which m t'ulded on the 
Ineailth, and m»t the leiigthwiivs, of the 
b()ttoin and sides of tin 
h.imjier are lined with fine W'OiHl- 
.shavings, and the eggs placed end to 
eml in a double row on the packing, 
With another laver of the sliavings on 
the top of all. riie eggs <‘annot come 
to aiiv Inum; hut the cc».st of the 
hampev pins t^e cost of the postage 
jiuts tills foim of jiackago out of tin 
(jUeslioti bu* moderately (dieaji eggs sent 
liV The jjostage alone woubl 1>C 

7.P/., and this with *h/. for the hamjxr 
is a large slice out of Iks. tkf. or n-v, 

(b) ^iv jiew-laid eggs si'iif to lanidon 
are jiac-kcd in cic.ni, soft straw in boxciS 
It in. deep, four layt^rs to the l»o.\; tl 
lane^ contain *l(Mb and bOO eacli 
(IJOtothe Diti); asnnicli straw should 
be jilacod on iJie top of the liox as will 
make the Bd quite tiglit»when tied 
dow^n; tins jtrovents the contents from 
moving in lran‘'it. Tlie breakage iti 
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this way does not exceed 1 })pr cent. 
Kew-hud eggs sent to the south coast 
towns are packed in Tally's j)atcnt 
boxes, card]j<iard divi.sions, thick felt 
between. I never have a coinpLiiiit of 
breakatre in these b<*xes. rhe.isants’, 
turkey-s', goose, and fancy fowls* eggs, 
are always packed in baskets, each egg 
wrapped iu soft liay separately. These 
are sent to nearly all parts of the 
United Kingiloin, France, Italy, and 
Itelgiuui, ami 1 never hear of an egg 
being broken. Sawdnst, liv.-m, t'ce., are 
very unsafe jiacking, as tlie contents 
move about, beside.s cxcludjug ail air, 
which, when ]ia(‘ked in boxes, i.s vciy 
injurious to <‘ggs intended lor incuba¬ 
tion. 1 alwavs send Oir*:'' for liatciiiutr 
by rail, as if tlicre is aiiv breakage jn's- 
Hible, the Parcel Post will <iu it. (O. 
Kusstdl.) 

(0) Tlio b(»x may be of the ordinary 
l2-diviaion type, luit a layer of ccprru- 
gated ]tap('r is placed top and bottom, 
ami a small roll of the same niaterkil in 
each division to hold and prttti'Ct tlu* 
eggs. The principle njipears to ]>e right 
and very simple, 

(7) My experience i.s tliat those eggs 
travel best that arc first wrapped lu 
paper, then ]>ai:ked tightly in sawdust, 
ill diviilcd wooden boxes. 

Oat-<‘hair ami biaii 1 dislike; liay is 
good, but 1 think quite umieccssarv. 
in large towns all tlicse have to l)e jnir- 
chased, whereas sawdust, as a rule, 
costs nothing, and is, in iiiy opinion, 
better than anything el.ie into the 
bargain. 1 generally jilacc a few balf- 
shcets of newspaper on the top of tlie 
saw'dust to prevent any wording gut 
during the journey. The lids of the 
boxes shoubl of course never be nailed 
down ; they sliould be either serewed 
or tied seeurely with strong string. 

There is generally a slight ditlivuUy 
in nn]>acking the eggs, as the sawdust, 
when fine and wel^ pres.sed, sets firmly 
round each egg. This is overcome by 
jmtting a thick layer of sawdust on a 
table, then turning the box upside 
down, .sli'kng the lid oH', laiid drawing 
out tlie divisions, and with them the 
eggs cn iwtssc. 


Suggested jirecnutions:— 

(«) Always rest eggs 24 hours after 
a journey. 

(6) Always print or \vrite legibly 

Pggs for Sitting ” on each box. 

(c) Always make a yring or wire 
handle to each lio.x. 

(il) Never nail an egg-box. (R. do 
Coiirey Peele.) 

(S) At all times I have used (in jire- 
foreiicc to h.iy or any other packing 
materi.il) il.ix dust, which is more ’ 
elastic than aiiylhiug else I can obtain, 
at the s.ime time being w^oaderfiilly 
liglit-weigliing. This ilust may be 
bought in quantity wdiere the flax 
(l>ew' Pipe) it» grown; but I believe it 
is c'hiefly confined to the south-west 
counties of Ibigland. 

(0) The box is a light wooden one, 
divided into 12 c<uiipartineiits for eggs. 
The partitions come full <mt to the 
sides of the box, giving great htreiigth. 
'J’he eggs are very tightly jiackcMl in 
bay iu eacli division, with a layer of 
hay top and Ixdtom, and ou the trp of 
that a layer of clialK So jiroteotiMl 
WMtii an elastic cushion like hay, it 
must, be exceedingly rare for «an egg to 
bo ijrokcn. 

(10) 1 invariably use soft bands o* 
bay, and pack in ordinary wood boxes 
—whicli 1 can procure at grocers’ or 
“sweet” sho})S for Is. a dozen—of as 
little weiglit .is ]>ossible. ] add a thin 
pad of hay at top and bottom. 

(11) if jicojde would pack their eggs 
as jiheasant dealers do, tliere would 
no talk of broken egg.s or bid hatching 
by sltaking. I scud away a good many 
fancy ducks’ eggs—eggs that arc as 
fragile as thrushes’—yet I never hear 
of any being broken. Use light baskets, 
not boxes ; roll each egg iu a hay-band, 
fitht wrapping it in plenty of paper; 
l»ack the eggs small end down, pressing 
them close together; line the basket 
with hay, also jilace hay at the bottom ; 
press hay well in between eggs, a 2 in. 
layer of it on top of them, then next lot 
of eggs—if necessary—ami so en to the 
top; jjlricc several folds paper be- 
wuen the ha^ and lid, taking care if 
the Tid is arched to fill the nrch 
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hay; label the basket “ Efrps foi- Sit¬ 
ting/’ and send by rail. My baskets 
are always returned by parcel post, at 
a cost of 3d. (A. Bayldoii.) 

(12) A very good tyj>e of box for 
sending eggs^^by j)Ost or rail is made of 
stout brown cardboard, strengthened 

• willi linen at the corners and at the 
jnining of iiic top and bottom with the 
sides, and the inside is fitted with 
tubular receptacles t»r pockets for the 
eggs, made of thinner cardboard, Tlie 
is'X is light, and yet strong, the ar* 
^rangeinent of the pockets or divisions 
giving additional resisting power to 
pressure. Tlie pockets or di\ision.s 
(’*une right n)> to the top, ilms giving 
jHU'fect support to the bottom and hd, 
whilst tlieir tubular form gives con¬ 
siderable lateral strength. The only 
objection to these neat nial handy boxes 
IS their (fj. jier dt»x,, which is 

too much for boxes u^'t'd for cheap sit¬ 
tings. 

(13) My best n suits invariably have 
bcA from eggs packed in 12-division 
boxes; aud 1 find bay better Ilian 
either hran or cork, and the firmer 
paekcsl the better. Both bran and cork 
are liable to ]»ack tighter with the 
journey, leaving the eggs litose and 
shaky; or if there arc any crevices, 
part escapes, which makes it wor.'-c, 1 
fear eggs are sometimes sent out ^t:lle, 
and the germ weak in other c ases, but 
am convinced that if well ami, above all 
thing'!, firmly packed, from vigorous 

9 parents, and mitampered with, a jour¬ 
ney of a Tew hundred miles, and even 
tosfing Oft tlic sea, xvill affect them but 
little. (A. Allison.) 

(14) The true secret of safety lies 
more in the packer than in the tiukIo (»f 
packing or transmission. Packing is an 
art in itself, and docs not necessarily 
accomjmny successful poultry-breeding. 
If anyone notices the apparently hasty 
and careless way in which a professional 
hand \vorks,,and tests the result against 
the ordinary amateur’s, whose parcel 
arrives with its contents smashed to 
atoms, thoitgh enrolled like a mummy 
with layer after layer, it wdll be ap- 
]#rent ihat packing, like ninny other 


things, is a knack xvhich conies more 
easily to some than others. A light, 
but firm touch, which seems to be 
rough, but in reality is merely the 
ap]}lication of ]>ressure in the right 
place, is chiefly what is wanted, and is 
better than all the patent boxes in the 
world, Unc more trivial detail is im¬ 
portant : A piece of strong string, to 
serve ns a IiaiuIIe, often saves the box 
from being drojip(‘<l or banged down. 
For large quantities, such as 42 do;;., 
<lonbi]o.'>s patent bo.\es are invaluable. 
(T, .1.) 

(lo) I have tried all plans—paekin? 
in bran, in sawdust, in oat-ch:ifl, iii 
ino.^'S, and many other things ; but for 
the last 10 vears 1 have <lisear»led every 

9 » 

]dan as being unsafe except fhe one I 
now liescribe. I'.ach egg is carefully 
wiajiped in newspaper, and then in soft 
hav, such as old hav-liands or liav too 
soft for horses. They are then pa<'ked 
in the basket described below, and each 
eg!^ is again jiacked well in with hay, 
the basket jireviously being lined at the 
bottom wdth the same material. After 
all tiie eggs are securely pai'ked, the 
basket is filled with hav, and the cover 
wired or tied ilowiu 

The baskets 1 use are such as have 
been employed for conveying fruit to 
market, and 1 purchase them at about 
4s. per dozen, including lids. These 
baskets vary in size fioni one capable of 
holding one sitting of eggs to one fully 
able to contain four sittings, and 1 
procure them in great quantities at a 
time, abtmt 400 or so. The railway 
carriage is of’ course an extra item in 
cost of baskets, but this does not exceed 
in a <]uantity more than about a farthing 
per basket. 

The reason I j>refer baskets to boxes 
i.s because, owing to the elasticity of the 
former, if thrown down there is no 
violent concu.ssion, as would occur if the 
latter xverc used, ifnd they do not split 
if subjected to undue violence. 1 have 
sent eggs all over the continent of 
Europe, to Italy, Russia, Spain, &c., 
where the* chunce of a 4^ox arriving 
safely would be very small indet^d, and 
I venture to say that 1 do not hear of 
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twenty lirokcn or twontv cracked ofr<;s three handl'uls of either, and tlirow in 
in a whole season; aiuJ I may slate that the hottnm of the box, each cninpart- 
in many seasons I seinl out over 4**0 inent hoinej alauit one-third full, then 
iiaskcts of thus packed, sonietiine.s jnit in the lar^e end down, throw 
witli one sitting only, stuntdlines with some more chalf o\er the ejr^s, and 
mixed sittinjjs of intny varieties. 1 press tifj^ht down in the ctyners of each 
have frefjuently sent lari^e mmihiM's of ^ compartment with the jioints of the 
eijtTs to the Uniteil States of Anieri(’a, linfC'*r.s, then fill the iiox a little aboviv 
even to San PVancisen, and th<*y have , tiiu ievtd with cliaif, so that the cover 
all arrived safely, and this I venture to | will ju'ess In^ht on the chad* and kee]> 
Miy c,oiihl not possibly have ]iappene«l if tiie eir^s fiom shiftins^ <ir shakini^. 
any otlier plan at j>reM‘iit known oi' Fasten on the cover with two flat, 
packing cirg.', had b*^en adopted. j bro.td-hi-aded tacks ^ in. long, one at 

i always send <*ggs ]ty rail where each end, make a hole Avith a sinall^ 
practicable, for this reason only—that hrad-awl, and ju’ess in the tack (do m>t 
size of package m journey hv rail is not use a hammer), then tn* the box roiiml 
of such importance as mzc of package if witli a stiong juece of string, to Avhich 
sent by Parcel I’ost; consti*nuMillv, hv the l.ihf l is atfadjed. 
rail more jiai-king can lie u^ed tiian if j (17) J use a hainper of conical shape, 
sent by Parcel po.st. j sm h as is used m tiie traile for packing 

1 usually preter fastening the lids i butter, 11 in. di'ep, and 12 in. liiamtder 
down with cojiper wire in Im'U of string, ‘at the tojt. At the bottom of the 
as giving gieater security, and being i basket is iieaily •> in. of hay, and on 
less liable to be tampeivsl witli by dis- this placed the layer <d‘ 11 eggs, 
honest people. eacii wrajij.odin soft h.iy; on the lop 

As a last remark, 1 tliink it would of these is anollier good layer of Ka\, 
not here be out of jdace to mention that ! and then on the top of this 16 eggs; 
Avhenever a sitting of eggs is ]trocured, ' then anotiier layer of 16 eggs, nrid then 
no matter from whom, and iio matter . more hay to fill uji to the Jid. There 
how packed, or how sliort the joui*iiey is, of con tm*, a protecting lining of hay 
has been, the eggs should be unpackeil to the soles of the basket. The eggs 
carefully and laid on bran or s<»nie soft 1 are ati very tiglitly and very neatly 
.substance, on their .sides, for at least packed. 

24 hours before being ]mt under a he»i (|s) TnlU's box is very strongly 
or into an incubator. This is nece.ssary made w ith J in. woo<l, iron hinges,liaiulle, 
to enable the contents of the egg to and cl.i.sji for padlock (often a vei;)Mlesi- 
perfectly I'ecover after the amount of rahle precaution); the bottom has a 
oscillation they have oxpenenceii from felt hiiing, on w hich stand the divisions, , 
their journey. Where this jdan is not mailc of stout millboard, and on the 
adopted, 1 venture to it has a great top of tlu.se is another of felt 

deal to do with the non-guccess of the to protect the eggs from the Jid. The 
hatching process. (E, Snell.) arrangement of the divi.sions is good. 

(10) i u.se pariitioiied boxes, made to It will be best understood by Fig. 
hold 1 doz. and 2 doz., and larger ibr 202, the thick outer lines of which 
ducks* eggs than for fowds* eggs. They represent the sid«'s of the box, and the 
are strong, light, and inexpensive, with i thin ones the uiillboard. Jt will be 
“ Eggs” jiriiited in large letters on tJie j si*en tliat none of the sides of the coin- 
cover, costing abou# each (by the I part meats is formed of the sides of the 
gross) for the 1 doz. size, p'or jiacking I briv, and that the eggs yre therefore 
1 use either wheat - chatf i'roni tlie | not only protccJed.from concussion, but 
tlircsliing-machine, oat-straw cut into from being crusiietl by any 
short chaff, IT cork-dust that the foreign the sides, Avhich latter, howf»ver, woiihl 
grapes are packed in, which I get liy not occur in ^ so stoutly-made box. 
asking for of my grocer. I take tAVO oj- The principle is a good ope, and might 



AND stOUJNi 


21)0 


lie adfipted with advantage iu bo^es of 
ii i>lighter make. 



Kgg box. 


fl‘,0 Karh rgg is first wrapjiei in a 1 
piei'e of vegetable ]jaivliini*nt (same as | 
Used hv gmeeis lor butter), and th<‘ii ; 
.some sott meadow>hav put round, | 
making it about the size of an orange. | 
Ttu'N are llieu phieed in a bo\ (nuiile to j 
the size rtMjuired- —from I tio/eu to d \ 
dozen) side by side, with soft hay at the i 
bottom, and then a thin la>er at the 
lop. 'J'bib plan IS by far the best. 

The box is then tied us an ordinary 
pared with two strings acioss the ends, 
and tlten tiie string is brought ovei the 
lop of the box and twisted round ami 
round until a handle is formt*d ti>r the 
porters to carry them with ; this jn-e- 
vents their being thrown about, ai.d is 
an excellent idea. I alw.i\s send by 

p* » 

rail, and not bv Parcel Post. Last \ear 
* ♦ • 

1 sent away o\er ()0t»0 eggs, ami gave 
- perfect s^tisfaeiion, or 1 slnmld have 
had to rejdaee tliein. Some went to 
Italy, ^‘otland, Ireland, and other 
places. 

d'he vegetable parchment can ha oh- 
tiiincd for about -l/. per lb., suitable for 
tiiis purpose. (Jl. W.irren.) 

(‘dU) Freeth and Pocork’s boxes are 
simple, ,md the eggs arc as safe from in- 
.jury inside as it is jiossible for them to he. 
J^ot even the roughness and carelessness 
ill ]iaudliiig«of the Parcel Pt»st peojile 
<'‘»uld succeed in breaking an egg in one 
of theiA; boxes—and that is saying just 
us much aaut ia possible to say. 

For bending either^very valuable 
dr eggs a very long distance, 


mdhing could well bo better than the.se 
boxes, but their high price (Is, 4</. each) 
}»uts them out of the question for 
gemnal use for t-ucli eggs as arc sold at 
a sitting. 

'J‘be lioNcs are .stromrlv and neatlv 
made of W‘»o<l, witli wiU‘-hinged lul; 
the iiisuic ih Imcil with felt made into 
jMickets, into wliiih the eggs are jmt ; 
and tliere is a f.ilse cover lined with 
foil, wliuli i" }'laceii on tbe top, and 
then when tbe lid is shut down all is 
sociii e, 

(‘dl) Ldov's lMi.\es aie \vY\ similar to 
oilier 1 'J-coinpartment boxo's, eirejd that 
thev aie intended to be used m con¬ 
junction with corruguteti paper, a ]deee 
of whii'li IS ]dacc(l top and bottom, 
b( tween tlie partitions ami the bultom 
and top, and small slips rolled cylin- 
diit'allv ami placed lu tlie comji.'irtincuts 
to hobi the eggs. The ]>:icking is sim- 
plnity itself, and oiiglit to ail'ord ample 
]>ri»tection to the f'ggs. The price of 
the boxes, pvopeily lltted, is 4 x, per 
do/., or dO.s. jier gross. In future the 
hiixes rihould he imule rather larger, as at 
pri'sent the compartiuents, xvheu titted 
with the coirugatcd paper, will not 
fairlv take large-sized eggs. 

(liJ) llrown’s baskets for the tran.s- 
lui.ssiou of eggs for incubation are cii* 
ciil.ir iu shape, with an inside diameter 
of 1:^ in. at the top and 8^ in. at the 
bidtoni, ami are similar to those ordi¬ 
narily used for ]>acking small fruit for 
the market. Tiiey are strong, elastic, 
ami serxiceable, but more adajded for 
eggs sent bv rail than by Parcel Post. 
The price is 4:^ per ilo/.en. 

PeIUIOLATION. (iv. in8-20‘J.) 

Fig.show s an arrangement sug' 
gested by Uiigeier for the proco.ss of re- 
jiercolati<'n. A number of ^lercolatora 
a (i are )d:n-eil on a .suitable stand, one 
above the other, s»> that the tube of one 
percolator passes through a cork iitteJ 
into the mouth of tlie one below : t> to 
12 of tliese vessels may be used one 
above the d^hei*. The staAl consists of 
a board with pairs of projecting pegs 
placed ut buch distauccs that there is 
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room for the cylinders between them. 
Boards having a horseshoe-shaped piece 
rut out on one side are jdaced on these 
pegs, and serve to support the cylinders 
in their jd.iccs. The menstruum is 



allowed to run into the t(»p cyliuder, 
cither freely or (in order to increase 
the pressure) through a long tube 
attached to the top. The liquid per¬ 
meates the substance in the cyluider 
and runs through into the cylinder 
below, and so on to tlie \V)ttoni, where 
it is drawn off as the strongest possiulo 
tincture. By adjusting the lowest 
stop-cock the speed of iluw can be ]>ro- 
perly regulated. The number of vessels 
and the speed of percolating should be 
so regulated that the tincture begins to 
flow from the lowcst^cylinder just when 
the contents of the top one have been 
thoroughly exhausted. As soon as the 
top cylinder is exhausted it is removed^ 
the whole column of vessels is raised up 
a stage, an6 a newly-Rll^ vessel is 
added at the bottom. In this way the 
process becomes continuous, and a con¬ 


centrated extract can be made, except, 
of course, towards the end of the opera¬ 
tion. 

Preserving. (ii.^4-i3-4(is.) 

Sooks. —In certain parts of C1»ina, 
the Britisli ("onsul at Svvatow observe-', 
book.s are extremely liable to be attacked 
by insects. They iir.stciestroy tlie glue 
used in the bucks of hnoks, aiul gratlu- 
ally ]H*rlbrate tlie whole volume. Cock¬ 
roaches, ti»o, entirely distlgure the covers 
by eating away jialclies of the glazing, ' 

The remedy for both tlieso nuisances 
is easy. The late Dr. Ilance, who had 
a large lihiary, UM'd llie following re- 
ci]»e 

Corrosive suldiniatc T* dr. 

Creostite . f»0 drops. 

itectilied spirit .. .. Ih. 

This mixture, a violent poison, he 
applied with a ]>nish in the joint of the 
book at every G or 7 pages, and, as a 
preventive of the ravages of cockrttaches, 
he varnished the citverof the book with 
a thin clear sjurit-varnish. Jii binding 
books, it w'otild be only lUM^essury to ad I 
a small quantity of the above mixtuve 
to the glue ust^d, and to give a coating 
of sj)int.-\'arnish to the cover, to secure 
eomj>Ietc ]>rtitectioa from the attacks of 
insects of all kinds. 

iDistilled "Water. —In tlie first 
place, contrary to the general opinion, 
condensed steam does not alwav.s furuisli 
}>ure distilled water. 'J’he drip from 
the cylinders of steam ciigines^'s never 
fit for use, not being lialf so gocHl as 
ordinary rainwater, in prejiuriiig dis- 
tilletl water, the diredions generally 
given to reject the port'nm that first 
comes over should never be omitted. 

The best w'uter from which to pre- 
])aro the distilled article in, in my 
opinion, gowl clear well water. Rain¬ 
water is generally well .loaded with 
organic matter, and holds generous 
quantities of ammonia iu sdution. 
Ammonia, of coui'se, distils over, and 
this impurity fho PharmacojKein does 
not prmit. Prof. Lloyd once snid ths4 






MlESKRVlKCJ. 


271 


in ovtlor to jnoparft an acf^cptable aiiicle 
of distilled water from the city at Cm- 

w 

ciiinafi, it was iieoessary to distil to 4 
times from an ordinary aji])aratus ; hut 
that now, liy carryinj^ a standjujio to 
tlio third of his factoj*y, the |iro- 

duet <pbiaiiied Was good. 

• The following procedure in dudilling 
and 5t(»ring will never fail to give 
Mitisfaction. Say the still is of fi gal. 
<':i]iaeity, not more than 4 slnmhl ever 
^he distilled therein: take then -IJ gal. 
of g<tud clear well water ; htdl violently 
ii^ a Iji’iglit till vessel fi»r l'» minutes— 
drives oiV almost the last trace of 
ammonia; then introduce into the }>er- 
fectly clean still; start the lJro^es^ ; 
reje^'t the first } gal., ami .save the 
succeeiUng ‘Jj- gal. 

Till') is to he stored as fidlows: 
J‘repare an ein]dy rarhov hv htpring 
with a rat-tail iHe a hole in the 
solder: through this h<de introduce a 
glass siphon, irnuh* .air-tight at flie 
]Kdnt of contact vitli tlie carhoy hy 
slippfng over the sljdion tube a piece of 
ruhher tubing, ami on the longer arm 
i'i' the siphon place amttlier piece i>f 
rubber tubing about 4 in. htiig, pro¬ 
dded with a ]>inchcock. Into the 
nioutli of ilic carhoy fit a ])erforated 
cork, holding a glass tube filled with 
cotton; this is to he in-serted as a 
stopper, the tulic filled with cotton 
acting as a vent. All the air entering 
the carhoy will he drawn through the 
cotton, tluis being liltcred perfectly 
iree from motes. It is these motes, 
or dust ]i!trticles, among wliicli tlic 
seeds of tj^e conferva' o.\ist tliat cause 
the ropiness which is to he avoided. 

The distilled 'wafer in dropjdng from 
the mouth of tlie condenser into the 
rc-eeiver, as a rule, becomes contaniiu- 
atcil with air motes, and unless these 
he removed before the water is finally 
^iep(»Rited in the carboy, confervoid 
growths will nppenr. 

'I’o accoinj^ish tliis, the distilled 
water must he brought to a boil in a 
*‘nght Inn vessel, the warm carboy 
thoroughly r^sed with if, and when, at 
last, the container is full, insert the 
pci;^rate4 stojiper carrying the tube 


filled w itli cotton ; start the siplion, and 
now, if tlic stopper is not remeveil, the 
entire contents may be used, as rerinired, 
and n<»t a single fleck will form 
therein, (.1. N, llurtv.) 

Food— / ianiru'Acidf(Sn J*f'escrvativt\ 
—iioracic acid only acts when j)ri>sent in 
large quantity. It jirevents the growth 
and miiltiplicatiou of germs, luit does 
not kill them even in a 1 ]m‘ 1 * cent. 
S4ilution. Lxperiments w'ith milk gave 
very mivitisfactory results, as an 
addition of 4 jkt cent, boracicatid only 
])resiu'V4*l the milk for 4 days. Ilorse- 
llesh may he preserved fm* G weeks by 
the um* of Jtcr Cent, (tf the acid, 
liorat le aciil is supj«*sed to hi* liarmless, 
but r'‘cent m\e.'^tigators )>roV(» it to lie 
dauverous, as it strongly acts upon the 
mucous membrane «»1 the large intes¬ 
tine. A tlose of 4 grm. killed u large 
r.iblut ; 1 j grm. maJe a dog \crv sick. 
The neid is much used m Swe<len for 
preM*r\ing iish ami milk, Imt (-ases of 
p dsoning have already oecnrreil m tliat. 
country. Long continued use of tlie 
acid is not favourable to good health, 
and at all events its addition to milk 
shoulil be ju'ohibited. (Kmmerich.) 

Ailnlteration'' tcitli Jhtntf'ic AckL —> 
The increasing use of boracic aei<l, ns 
well as of other si»-called antiseptic 
agents fi>r th** preservation of articles 
4pf l4M>d, is a matter which deniaiuU 
immediate and nu>st serious attenlitiu. 
]b»raeic a(*id is generally added to milk 
and rre.un in the fi>rm of certain 
proprietary aitides, which are S(dd to 
the trade under ditFerent fancy mimes. 
Some of the yoi'e commonly used 
prej»arations, whidi consist of a mixture 
of boric acid (partly anhytirous and 
partiV hydrated) with borate of .loda, 
are atlded (in solution) in the j»ropor- 
tion of at least 7 gr. of the solid suh- 
idancc t<i 1 pint of milk. In cream, it 
i'i generally fidded in at least double 
this quantity per ])1nt. hiasimich as 
both tho farmer in the country and the 
dairyman in the town are likely to use 
these preparations, these amounts may 
bo largely ^icroascd. Tli* amounts 
mentioned are also very likely to be 
exceeded through the carelessness or 





I'^norunce *»!' inuklii;^ tihc* <»f hiu-ii 

iiuljstaiicos fur pr**sf'rvinf:^ pui'intM'>. 

l^nt hraiitv iMloi'inatioii is to i»c 
obtaiiKvl to tin* ai-titiu ot l)OiM<*io ;ui'l 
.'iinl horatt*'^ on tiie linui.ui 
'rix’se suKstano* s <Io not apjKMi* to ha\e 
Imhmi iniicli iLvd as internal remedies, 
and, accurdiiu'ly, Imt lillh* iulonna- 
tiou a-i to their action is to lie found in 
Vie te\t-iMiok.s. One .intlronfv .states 
fiat b(»rax nets as a mild alkali on tlie 
alimentary e.mal \ tending; to render 
the Hinds alk.iline, and to (MU'^e dni- 
reds; th it it eiieeK'* fei mentation due 
to <trj;ani>ms, and U'.ed a.^ a diufetu* 
and antacid. Another eminent authu- 
ritv wh(»uas eon.-'ulted in coimei imu 
with the report preriousiy alluded to 

refiT'i to iJie teildenev of tlnsse Mib- 

• 

•■stancts to set up diarrlnea, a ili^ease 
^cr_v jii'ci .ilent in intt weatlnn', wlnm 
the presci vativ’’!*'* are most usetl U» 
]nweat the (hani^c which inilk and 
cream are ajd- to underjio rapidly at a 
liigh atmospheric temperat ure, Tim 
incdii'inal dose of the arid as laid d"\va 
m tlie i^ntish rharmaeopoda for an 
iidnlt raiiLjcs from 5 to do gr., and, on 
the autliontv of l)r» Dmlliidd, and of 
otiiers, it may he coiujinted tliat ,’.7 of 
the quantity, say a inaxinuini of or. 
woulil be a suitable do^e for a child 
under one yis'ir. It <jiute po'^-.ible 
that a stroni;, healthy infant, takinj^ 1 
qt. of milk daily iniolit absorb as ninrli 
as irr. in that time, liavim.; 

regard totlie likelihood <jf tin: minimum 
iiuiounts mentioned beint; exeeeded. 

The exp(*rinicnts of I)r. J. For.-ster 
to show that tin: aildition of boraric 
acid to articles <jf foon in far smaller 
proportions tlian i*t cusloinary is inju¬ 
rious to he.'iltli. This autli<»r r(nisub*rs 
that even hinali dose* of it are 
injurious to the digestive organs.” 
The injuriinis action, he say.s, depend.s 
on the circumstance that the drug acts 
80 as to materially increase the propor¬ 
tion of solid natters and nitrogen in 
the fiuccs separated. Its action on the 
inti^.slinal discharge is \v(dl marked, 
even hy tj'e exhibition irf’ a>s little as 
4 gr. per diem, and is stated to be in 
direct relation to the quantity taken, 


and to bo m.nntaincd for some time 
after tlie doses of the ilvug have ceased, 
d'ho action doscrihed is pereoptihie, not 
<jnlv with vegf‘table or animal loods, 
whicii cout.nii a largo ]>i‘o])ortiou oi 
imiigestihle ingredientsj^nit aUowhen 

iiiglily-dige.stildc food.s, such as milk 
and fggs, are taken. Food to which the 
acid lci'% b‘M'n ad'leil tellli^ to c.itise an 
iucMsisi* ill the NO<’rction of gall <inring 
:i>'iniilatmn. One of li^ most imjiortant 
aetioiiH, howi*ver, actMrdmg to this 
.lullior, IS the increase ivhieh it <‘ausos 
III the discharge of allmminons sub- 
staiK'O'. fiiiiii tiie iiite-^tin.Ll canal. 

il Ilott«*r lias reconlly pnblisliod a 
series of oAjuTiinents oii the action t»f 
boron compounds on jdaiits. TJie ab* 
Siuqdioii of sncli compouinK was found 
by him to di'stroy the clilorophyli, and 
hence to ariost the pro/ t*SM;s of as-'iiiii- 
lit ion. 'fue isjots arc alfectcd, and soon 
die. Fico horie aci«l was fouiiil to be 
more prcjiiiljclil than tin* alkali salts. 

Apait fiom the experiments referred 
to, it is sulHcicntly plain that an ‘**aiiti- 
septic” hulistiiins* (;f any Kiml, if intro¬ 
duced into fo(»d mu-^t, by its very natur<*, 
bo injurious to the health of tiie con- 
snintT. Jt rsovul* nt that the introduo 
liou of antiseptics of any kind into the 
alimoiitary can.il must upset tlic con¬ 
ditions nece.ssary to health. The danger 
is the greater Iiocause it is insidious, 
and because theetlccts produced arc not 
\i<deut or sadden, but such ns will 
create di.stur bailees and ultimately 
serious injury, wJiich are likely to bjj 
a <'rila‘d to anything but tlft: real canso. 

« r 

'rile qnestnm of quantity does not hoar 
upon the matter in any way. ’ It haa, or 
should have, no bearing legally. Any 
([iiantity that is sutlicieiit to produce 
the “antiseptic" eflect in tliu food 
itself, must bo regarded as iiijurioua> 
even if the nndouhtodly harmful action 
of coni iiiued small doses of a “ presort 
vative ” substance be left out of con¬ 
sideration. It must be remembered 
that boracic qcid preservatives are 
x'ery exteiif-ively used, lu butter, milk, 
cream, ti^h, meat, and ^ in preservetl 
food.s and proprietary preparations of 
various kiud(, Lorucic acid, is he 
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c’oiistatitlv Amiul. I' liavo roocntlv 

V • 

r«ruiul it to ]iresont- in laririi .'iniounts 
III nipai ‘‘oxtrapts” runl ^Mliiids" 

I 

nitcinled tor tin* uso ot' 

itiNulhls and an! \\ liirii, 1 

to .^ay, ^ri' iK laudfd m lullatt'd 

laiiiMiutiP L\ in«*iul>(-rN (»f tlu* nu*di«al 
|•l^lU•'^slun, who, had tlipv known id tin* 
]in‘M‘ni‘c ot‘luirai ic and, unuld miicIv 
liav»* roiulnuni'il thnu. ’I'ln* uiiavt^wod 
|in‘s<*n«'i* iif hoi a< ii* ;o id in sni li 
^r.itun.S) or in tho iiidk and iioain so 
iar^ndv \isim 1 hv invalids and vlnldmn 
nijj^ht, Mini, in i»o>'t rasos, }»rnlial>!v 
Would, snionsiv di^tnrh a |ih\Mri:in\ 

< lanst* of troatnmit. 

At1i‘in|>lN iiaM‘hi'PU inado to roidim* 
llo' issm* l>v a'suJtinj; that it as |n*r- 
iniNNihic to i^dti horai'ii' and to a tood 
its it IS to add salt in roiiain instan<o>. 
(. 1 ' in the oasi* if s.ilt noMl). This 
fniitoiition IS ni oin o diNpospd of l»y 
I'onil.ujj;; out tho |di\siolo«rn al fa< t that 
.s.ill lii a food, and that Imiacio aool is 
i.ot. Attain, horarn ai id and coin- 
jMUdnT.s of It an* lod natnia} l oiis! j* lo-nts 
of iidllv or ot :in\ food. Thr> aro lint 


in a matter of this kind. Tlie 0th 
S!‘rti(»n of tlie Act makes it an olTence to 
Ridl t(t the ]trejiidice of the puiThaser 
any artide of fiH>d wlvidi is not of the 
nature, m hstaiico and (luality ” (d’ the 
aitu [e diMMandtal hv tin* ]inr( hasi'i, and 
jnsdides lh.it no idleiue i** cuinmitted 
■ undt'i this soidK'H if ‘‘any matter or 
ini;rodiint not iujuiiniis to lieulth has 
hecn addl'd, he< ause sn< li addition is 
Je<jiiiied for the ledmtiou orpiepara- 
tion of tlie tnod as “an article of einn- 
I merer,*’ or “m a state tit for carriage 
or I oiisumj'tion,’^ and not to conceal 
the inlenor ipi.ility thereof.’* Tlie 2nd 
1 hectit>n of the Amendment Act of 1K7S> 
]Ho\ides that it no defence to j»rove 
th.it tlie “article id food in (jnestion, 
thou*:]! defccti\e in ‘mitnie,’ or in 
• ‘‘'Uh't im e,’ nr in *i)ualit>,’ was not 
; detect ive ‘ ill all t hree 1 esju'i ts.’** That 
, IS, |iroi-eeiiinos would he justified by a 
I deleit in any one re']iect. 

\ 'fhere apjieiirs. however, to he an 
litipn ssioii ahrnail that tlicre i> no 
idlciU'e under the htli scition unless 
, the adiilierant forms a ‘‘suh>taiitial 


tlienisclvcs “foods.** hut ^‘druirs.’* 

Ih’nceijiiuigs could he taken ai^ainst 

tile vendors (d* milk containini; hoineic 

acid compounds under the .’Ird Section 

of the Sale of Food and l)ities Act, 

which prohihit*^. with ccrliun niifoi- 

tiinate I’c.M'n iitioiis, the “ mixing. 

cidourin^, staininj;, or j)owderin|ij*’ of 

anv article of food with anv inirrcdient 
* • ^ 

or material .VO <i,s* (•> /• tlo* ;ii tide 


(portion*’—-tli.it is, presnniahly, more 
i than a fractional part of the article as 
, soltl to the jiurchnser. TaKinsf the 
i case td' milk, It ouglit hardly to }>e 
1 nei'essary to point out.: (1) That milk 
I (oiit.iiniiiir hnraidc aiid coinjiounds is 
I iiid of tlie n.ituro, suh.staiice and 
I (piality of 7/11(2) Tliat even if 
i (ielert ill n<tfttn' and suhstamr is only 
; constituted hy tlie presence of an adul- 


JJ^jurious to health. It is a matter of 1 leinnt in what is popularly called a 
iii’eat diHiciTlty, however, to proxe .siihstaritial amount ** (that is, formine; 
‘•injury tojiealth” to the >atisractit>n ; a larii^e inteijral ji^rtion of the article), 
ol an ordm.irv conn. It is almost | de'Vet in i/wiiiitj is at once estahlislied 
necessary in all such cases to he .-ihle to i hv the presence of hoiacic acid in milk, 
priuluce s»me poor cjeature wdio has > amt that such ilefe<‘t is independent of 


"eel: almost •‘done to lieatli ” hy tliat | tlie i^iiostion id* iiuantity; further. (.^) 
"hich is I'oinplaine 1 of. ruder this tlie admixture of horacic acid i*omjMunulN 
section also it I.S ]»racticallv a necessity j with milk is md rvqnin^d lor preseivinir 
to state tiip percentagp of the injurious it in course of transit ^rom producer to 
substance, to alVoril, of cour.-.e, a useful 'consumer. Kefri^eiation, xvhich miiU 
hone of contention for tneinhers of tlie notlnnjr to the milk, fs the recognised 
h'gal profession, and not to olistruct in ami legitim.ate method, if sucli preser- 
nuy way •the wide loop-hole for the vat ion for transit he deemed necessary : 

of oife^lers, duly left hy the and (4) the addition of the prektrx’ativGs 
h'gislatuie, in this section. 1 contend does serve the purpose of concealing 
that IS unaecessary to statii percentage the injcfiov of the milk, as it 
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allows stale milk to be su}»]>]iot] jl'^ fresh, 
and as it is iar more easy ami less 
ex|>ftnsive thau the better inetlitHl of 
rclriejcration. 

I theivbire hnkl that vendors of foods 
contaiiiin <4 borat ic and (‘(unpoiimls 
eonimit otfeueeN nndiT tlie llrd and the 
6th Sections of the Act of ISTo, and the 
2nd Section of tlie Anicudrd Act of 
1879. Whether ollences under the Aid, 
however, are oommitted or not, I do not 
see how it is ])ossible to arrive at anv 
other conclusion but that the use of 
these preservatives is a serious form of 
adulteration. In mv view, the ahsolute 
jiroliibition of their use is tlie only safe 
and [ivoper course to take; altlioueii if 
it be desired to throw a sop to lliat 
large class of per.soiis who are always 
niorhidiy anxious^ to follow inidille 
coui^C'', It mav be ailiiiitted tJiat the 
compulsory labelling of sm li “]»re- 
served *’ articles x\itb the name of tim 
sub.^tance or su})stauces nserl, would be 
productive <»f great and immediate 
benefit. It is ivmai’kable that‘'those 
who defend the n^e of ** preservatiso,*’ 
and assert them all to be **harmless/' 
m any amount, should take such ]taiiis 
to conceal the fact that tliey have been 
used- In regard to several proprietary 
articles I have examined ; 1 have had 
before me, apparently, the full details of 
the iiKinufacture, given with the rno'>t 
child-like candour; everything, 
the admixture^ of lioracic acid, which 
was found in them all. In the ca'sc 
of certain “preserved'' creams, it is 
asserted on the laijels that “the cream 
being separated ns soon as it is drawn 
from tlie cow, it v-will keep sweet 
longer/' Comment upon thi^ is need¬ 
less. 

Abroad, the use <jf “ ]a*esei‘vativcs ” 
is almost universally prohibited. If 
tlie legislature and if local authorities 
were in earnest about tlie su]»]>re.s.siori 
of adulteration, their use would be 
prohibited herd (I'k H. Cassal, in 
Anahjst^ 

Use of Preservatives .Ls w'cll 
known that in summer many milk 
dealers C*dd .''omo j>re(>iration of boric 
iicid iu order to retard cosgulation of 


milk. Such jireparatious are, and have 
been, o]ienly advertised in numerouh 
forms, and have been reconuneiided by 
sciiuitific men. Less well known is the 
fact tliat boric acid and its soda salt ks 
most freiiuently to be met with in 
butter, especially Norinmtdy and Uelgian 
biitleis. Norwegian and t»ther foreign 
fisli is cured with salt and boric acid; 
meat is ju'eserved wdih it, and it is even 
found in preparations intended for inva¬ 
lids, such as in so-<-aUed sterilised pc]i- 
tones, '■ 

Ill bi*er, especially foreign imported 

beer, in wines, preservinl fruit, and, 

perhaps, in milk, salieylic :udd or sali- 

cvlate has been used lor presiu'vation, 

whilst sulphurous acid or bisiilpliite of 

lime is of coinnnm u^-e hy the brewer, 

« 

the manufacturer of lime juice, and the 
hutcher. And, la'^fly, it appears that 
ben/oic acid or ben/C(»ates are gradually 
taking the place of salicylic aeid. Other 
anli'sejdics have heen from time to time 
pi'itposed ami used, such as fluosilicate>, 
nitrates, Jt:c, 

In nderence to tlie (piantity oV horn- 

acid whieii is necessary to produce nm 

njtpreidalde oifeci upon milk, 1 am net 

aw'are(pf any analvtiial results oldaiiu'd 
» «• 

by the analysis -f actual trade samples. 
Matforn finds that 1 grm. boric acid pel 
litre retards the coagulation of milk at 
15® (k for 24—36 hours; -5 grm. only 
21 hours, whilst at 35® C. *5 grm. i'* 
without elhct, an<l 1 grm. retards the 
coagubition for 10 hours. In summer, 
therefore, when the addition of boric 
acid is practised, not much less ihni)^l 
grm. ]jer litre of milk wbnld probably 
he enijdoyed. ^ 

Of borated butters 1 have made nu- 
ineroub analyses, and give some of my 
re.sults in percentages:— 

lioric acid ‘Oil -It •(19 *14 *20 ‘41 

Borax -19 -16 '15 -23 *33 '55 

Both lioric. acid and borax being calcu¬ 
lated as crystallised. The .preparation 
always employed in tl|e case of buttei’, 
as far. as my experience goes, consists fi 
a mixture of boric acid or borax, 
wid<dy varying propoi-tjons, freed from 
1 a jtart of the water of crystalli&atiou by 
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horilitiff. As typical flu* followiiij; ana- 
IvM> niav tiuJ a uiatv :— 

ANaicr .« ,«• 

(anhy^lnuis) 21*0 

litiric aciil (aiih}(hmis) ;t'j 2 

Til ]n*fSfr\i‘ TjvsIi libii aiiMiit 2 '/rtii. 
iif lM>ru: iicitl aft' used to cai^ii kilo nl’ i 
tlaJl. 

Salii-ylic ncid has not* I holiovr, ' 
h(’i*u laruriv uscii lu tins U'untr\ as a 

» k 

fooil )in'M*r\iT. it answers hut \ery j 

taillv in tlio (*as<‘ of nnik and hnller, ! 

and it^ use now eliudiv conliiied to , 

foreit^iJ tVnnoiited h*‘\erases. Astollu- ! 

i]uantit\,l i^nn. ]M‘rlinc wasiViMiueutlv j 

iisc'l when salicylic acid had ic.'uhod its ' 

hcii^clit of jMijuiianty. NVJumi in course 

of tmu* the cd»Jci‘lioiis airain^t its U"!* 

nere not only licanl, hut njMiltcil ju 

« 

jiroliilativc ifoisl.ition in many rounl rics, ! 
o ^nn. were licclarcd to he hiillirient hv | 
its advocates to k< *'p litrc'^ of , 

Ihuariaii heer i'or luunc con''Uin]ition, 
and 20 t;rm. |or evpoi't. | 

ll \M* now i*nti r int 1 the ijiicstion :l^ 
to Ili(^ jdivsi'domcal cllhct id tlic ]>rc- | 
scrvativos nu ntioiicd, wc at oiuc meet 
NMlh ihi* most diametrically (‘\|iressod 
o|tiiii()us. Whilst, inventors intriMliiee 
every antiseptic as absolutely harmless, 
and ijimte o^)>etimeutM hy which it is 
shown that larije and ountinued doses 
oI antiseptic were adininistercil without 
evil elleets, other enijnirevs cornu to ah- 
solutoly ilill’erenT conclusions. Litcra- 
tnre feenis with art^innents in favour of 
and against some of these suhstanee"’, \ 
and It must he conceded iliat direct and | 
j'alpahly injtfrioiifl cilccts on heallliy I 
individuals have not been traced tt> iinv j 
nl the antRcpties lu’.vin ciuisidend. 
l^nt wiien so mucli is conceded, a wide 
held for discussion yet remains. 

On tin* inie hand it must, he recognised 
that to jircvent waste of c^ond human 
fond by avoiding or retarding its de- 
conipoKition is a merit onons acliieve- 
inent, and one ujion which the tliouglit 
ot the scientific man cannot he too much | 
concentrated. Yet it injist he allowed 
that the • indiscriniinate addition of 
chetniijal 8uh:j^,auces whi<-h exert, a 

poisonous haeterial and otlu r 


org.uii'.ins cannot he s:ih Iv hd’t in ihe 
hands m 1' moie or le.s igiiMinnt vesid*»js 
ot ai teles ot fool, even il lui diHMtl\’ 
pnisnuniis ur mjuiiuns action van he 
traced iipiai a IumUIiv .uiull i)y lion 
Use. Jl 1 -, eVlilellt lhal snlet.Ul'is 
wlmil JljterJeie VVllli tlie gi<»ulh mT 
tiini;i»id org;nu'.iii> hk»‘ h.ieti'ria or \e:if-t 
telN, nni>i liave sonu* action upon i1m* 
eomplu alcd linnian .niinial ; and ivtn if 
c.xuheMut iu-alth and ahnudoiit c,:i''tiu 
sci'leluiMs may l>e eap.dde mam f ones 
to o \ el vv lu’lni 1 lie elh-et ot't he ailt !.-.e|i1 u , 
the I til 1 1 II sell must lemain and det lact 
from the I llu leiu’v of tio’ liniuan on-m- 
ism. it Is incoiueivahh that tlie proto- 
phisin o1 H liaetena he vitallv alleetcl 

hv a suiistaiue vviikIi at tlie -ame time 

» 

he Utterly lueit njioii human pro!j-pla-in. 
The I 1 , eviiienliv a iiiiestion i-f 
ijuaiititv, 'Ihe ahsoliite •junititv nias' 
not hi .sutlieieut tosliow palpaldv 

upon a 1.0 Iv vvei‘j.h»!)o, ^.iv, l\ hnl 

It mud he thero all tiie ^auu'. 

d'tie ('oimie < 'oii'-ii ll at 1 1 d'l 1 \ Lioue 

rtildlifue oi !• I aiii i* I e polls in rM«i eiice 
to tile Use oi'heii/on acid in arti* les oi 
food tli.U all auli-scptics are jn|uvious to 
natural dlge^ll^n, hei ause thejiddMii-u 
of.inlise]>ties of auy kind is irialioiial 
as far as assiinilalion is eomerned, and 
ma\ he injurious ti> the iioiiual .o'tioii 
of the organs of digestion. 

Jn times gone hy, when the causes 
of the decomjiosition of j‘ood were not 
understood, the diMt‘Aery of a preserva¬ 
tive was douhlless an a<‘liie\ement ; hut 
now, when w<* not vuily know tluM* 
causes, but can jneveut deeompoNition 
iiulefinilvdv hv t*.\(du^itiu of gerniN m* 


hv lold, witmuitJUe additum i'f auv 
kind of I'oieign •maierMl, we sun l\ 


sliould lU.lke an attempt todi < liiuili.ite 
hetNwen pro<'ess<*s of pre^'crval ion. If 
jireserv at loll eoiihl not lu* eJi’eeted with¬ 
out t lie addition ol'sonu' toreign material, 
the hiMietit to lu.uikiud of preventiug 
gtHsl food‘'ul>st.nice from iie» ompusif ion 
would liouhtli'ss hi* ifreater tlian the 


sliglit ]div.sndogieal evil etlect. <»f tlic 
antisejitic itseif. Ihit as ]n'escrvatiou 
tif any artii'le of food is iiossiide without 
luldititui of ehnui<‘als, it sceiis t‘> me 


th.it tJ*c I line lias I oiue !<» piotest juMinst 
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th« pro^euti practice ol’ allowiiiij the 
nihlitiua nf any antiseptic whit^li tJie 
dealer in food may choc^e to make. 

Franco was the lirst to rai^e (thjec- 
tious acramst the nso of preservatives. 
M<»st of the lM»er <’(MisutiK*tl in Kranee 
n-'cd to ho iinporteil from (iormaiiy. 
When it WciS ilisi’overe 1 that siieli heer 
almost iinariahlV contained sahcvlu’ 
ju'iti, a vigorous agitation, in the interest 
of French Innno brewers, commenced. 
Finally, the Paris (\Miit of Appeal de¬ 
cided tiiat the adtUlion of salieylie ueid 
was to he coiisidereti an a lulleral ion, 
and to th(‘ prejudice ot the purchaser. 
The addition w.is <k*elai»*il to he not 
harmless, it li.ujnj; been shewn tnat 
salicyhited ale'. \MMe a soiiri*e of iaiii^fr 
to the commumtv, tliat ^ahc> lu* a<‘id n\ as 
a driijj, the use fd‘ wliieh had te he 
ordered Itv a medical man, ainl eould not, 
he left witii the trader. Tlii-.Jndjjmeut 
was hasi‘il upon a Report of tne Com¬ 
mission of tlio Aeadeime de Medn iue of 
Paris on the action of Salievlie A* id on 
Fo<iil. The Commi'.sion rrporte-l on 
unmerous easoH in wiiieh tln» pre'.erva- 
tmu of article^ of food liy salicylu; a« id 
lias jn'oduced seiioiis re-.ults, anl is of 
opinion tliat it is jiroved that small but 
continued doses of salieyhi’ aci I or 
.silicylates, may prtMluce seiioiis ^.vstru* 
ijisturhanccs, espiwially with old persons 
and smdi who siiiler from alfeetions of 
the liver or or'_^aiis of dii^e^tion. For 
these reasons the a 1 lition of salicylic* 
acid, <ir snlt'i, should not he alloweil to 
articles of food. 

Wliat was 01 nrinally probably a tiale 
]>roiectionist nn»vemvJit soon became a 
general opinion, ddu/ indiscriminate use 
of antiseptic’s .sh.mid not be allowed, and 
one State aider another jMsse I laws for- 
hiddiiiij tile .addition of preservatives to 
food, in some cases antiseptics eioierally, 
in otiiers specified substance', only. 

Thus, by order of the Municipal 
Council of linefios Ayres, the sale of 
beer containinji salicylic: acid was ]n'o- 
hibited after Mandi .'list, 18,S8, Other 
South American States followed. 'J'he 
town of jiassed a ♦similar law, re¬ 

ferring to the prohibition of salicylic 
acid ill bepr, wine, and other articles of 


food; w'hil,''t the polic’c of P»erlin prit- 
hibited the additithU of any kiiul of ]trc- 
servative whatever to milk, 

111 iSSS th(* Uiiteh (Invermni'Ul 
cause I an in‘|Uiry to he made int»» the 
use of salicylic acid in liecr, and, as a 
I result, ail addition of ^Naliex ii<: acid to 
fot»d was ]nMhiiMtel. 'I'he Italiin 
Ministry III 1887 (li*i lared the aildition 

b 

[ of all sul)st.HUM'S lo wine, wliieli weie 
I not naturalU eoutained in wine, to Im' 
sail adult.**ratioii; in 18NK tlie Spanish 
I (lovernuieiit followed With ail absolute 
j jirohinitloii of aiilisepties in wim*, and 
I the Austri.ui with that of salic\li( 

I acid. 

} lu (h'jmaov a distinction is nuule 
' hetween s.ilnvlic acid added durini^ 

I mashiiu;, to cheek the j^rowtil of the 
i aenl-produein*^ ori^aniMns, such an ad¬ 
dition at that st.igi' of brewing being 
] allowed, not auv of the acid, or oiih 
1 tiaue.', of it, being sai I to remain in tiie 
' h<*or, and between the Mii»sc<|n<*ut ad¬ 
dition of saliev lu* aci-1 to fiillv feriiiciittMl 

w 

heer, wliioli is pn>hihitei. * 

When .saluwJie 'u-ul liad thus hi'eji 
virtually suppre sed, other aiitiso)>ti<.s 
i*ame into \ogiu*. Thus, in France, flic 
Use of hen/oate became freijticut, ]»artlv 
on acMMiiiiit of the greater power of llicsc 
compoun4s, ]»arlly because they are 
more diflieult to trace and detect than 
salievlie aciil. Jn (Jermauy, sulphites 
and iiorates were moie largely cm])loyetl, 
and numerous ju'epar.itions contaiuiiu 
tlH''e as ai*tivc ingredients were thrown 
upon th'* public. Thus, according Jn 
I'olensk'*, tlie folbwving ‘artiides haie 
heiMi alvertiscd in tieriuanv :— 

Sozedith ; (M»ntaiuing :iii7 ]>cr cent 
suljdiuroits aci>l, as sodium salt. 

Austiaiiaii ]\Ieat J’leservative: coii- 
si.sting of .sulphites. 

lierlinite: bora\, with a little bmic’' 
aeiil and nitrate of potash. 

riiine.se I'reservative ]jowder: bori'* 
acid, WMth sodium chloride aiul sulphate. 

I*rockinanu’s Salt: borax, boric acid, 
sodium chloridi*, and potassium nitrate. 
Australian S.'ilt: borax. • 

Panneiiiie : t»orio aci^ and salt. 
Magdeburg Preservative Salt: borage* 
boric acid, iiid palt. . 
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Jjfviti’ji li’.s ; soiliuiu <’hluride, | 
nitrali', and horir acid, 
as in tin* t aso ni’ saln-ylic in‘id 
111 ])r(‘vi<jns ^ cars, icincf discussions amsc 
as 1 1 he ]divsioiiioic.il atti>itv<*r tlicsi* 
sulistanaos. J.^ljrcirli c(int( iidcd that 
lutnc and v as jicrlcitlv h;^rmlc^^, hut | 
ctlids lia\ r iiC'cii afdi* to trina* distinct. 
|iii\'Hili»L;n‘al cll'-ifs to its iidinini dia- 
hiUt, in ISS!*^ the Soendv iif 
l»a\ai 1,111 Aiud\tical (‘Iniiusfs discn'.sfd 
fhc use tti’ ln»nc in id as an antiseptic, 
and canu* tn tin* ci'inliisiun that it w.is 
ohjcciniiialdc IVdin a sanitary point of 
vie v\. 

Jn r.h'^drnn! we )ia\c dom* alisolutelv 
ijetliiinr. On the coiifrart, the nse i»f 
.liltise|dn’s has l»efn virtualls sanctnuietl 
in hrewiiii^. Tin* law -IS ainl dl» \ irt.. 
<'ap AJ, declares tliat a hiewer of iieer 
^h;dl nut add an\' matter <>r tiumr 
iheveio c.c«-c/#/ linin»s, or otiier matter 
or tlmiir sainlioinMl hv the (*umllli■^- 
Muiiers i»f Inlainl IJoventn*. The use of 
aiitisej^ties', notahlv hi-Milj*hite of lime, 
\vlii<Ji IS Jieu* ihieflv used in lieer, is 
Iherethre dJ‘^tinct!y conditional upon 
the sanction of tlie Jidaiid ilcveiinc j 
<'enirnissionei's ; and llie snike AvonJd he | 
the ca-^e in otlier artudes ol‘ fnod, since 
the thennsts of the inland Keveinie 
t onniMssloners arc referees for cases 
’indertiie Food and Drills Act, '1 he 
Sale (ff Food and l)rni;s Act, ])ar ll, 
allows to he adde<l !•> food anv inatt<'r 
'■r ijieiedh^iit not injurious to liealtiu it 
tile same is rcijidrcd tor tlio j>ro(inclion 
‘'lfc]>repar:ition thereof as an artiile of 
‘omnierce in a state fit for carrijii^e or 
eoiisumplio^ J\o mie, surelv, c.in con- 
that jircM'rvalives are nece-^sarv 
loi' the pruiliu’titni or jirejmration of 
tnilk, hn1ti*r, heer, wine, et(‘., in a stale 
ht iur carriage or eoiisnintition, ft»r the 
liivat niajonly of tlie Kani|des analysed 
are (hm* iVoin antiseptics. (JikkI milk, 
f'esii hntter, sound heer, can Im* made 
'i^d stdd without antiseptics. As a 
'natter ol fact, they inivc heeii so sold 
centuries, \intil .sham .science came 
and tiiui>ht tlie tlirty and the careless 
J'liidneor Jtow «to evade the natural 
pnniKiimeiifc of dirt and niisii^aiia^einei)t. 

J'*’*'convenient to sucii pro¬ 


ducers, hut they are not rc^pilrcd. Hem e 
we have no ojition hut to ccnisider them 
as adulterations. The practice is utteily 
unjnstiliahle, exce]>t from the point of 
view* of a dealer, %\ho want.s to iimhe 
an *'\tra ]n-ofit, who wants to ]ialiii oil 
a ?tale Ol iil-jn*e]iarcd article ujion tlie 
puhin-. (O, llehller. Hi jI/m///.'*/,) 

Fruit Candying. — Lechmu oc- 
cujMcs tiie first place in Italy, and 
]M‘rlia}»s thioutrlumt the Mediterranean, 
iur the prepav.ttioii nj candied citron ami 
orant::*' |H'ei. Citron is hvouf^ht fur this 
jmipo^c tVuir, Coisu-a, from Suily, from 
Calalma, ami other suutliern j>rtrvincv»s 
ot it ah. from 'luiiis and Tripoli, and 
evehtium Moror'co; while the orsntjes 
nnj'orted into Leghorn, whether for 
coiiMimption or lor candying, are nfarl_\ 
all lironght from the islamls i»f Sicih, 
>^iird.ima, and ('or.siva. Ja all the 
c<mnlncs contrilmling the raw fruit foi 
this industry, it is treated in the same 
manner tor the o\er sea passage. The 
frnit is .siinidy lialveil and placed in 
hogsheads or l.irgt* casks, Idled with a 
/.iirly strung solntiuii of hriiie, tlie truit 
being halved merely to ensure tliorougli 
jir<‘serv.itmn oi‘ the rind by an et|iKtl 
saturation of theinteiiur as well asihe 
esteviov siirface. In these casks it ar- 

lives at the duor.s of the mannfactorv. 

* 

The first process to whicli it is tlieu 
siihji‘cli-il j.s the separation of the fruit 
IVuiii tin* rind. ^I'his is done hv w«mu*n, 
wliu, seated round a large \essel, take 
out the fruit, skilfully gouge out the 
inside with a few' rapid motions of the 
furetinger and ihiimh, and, throwing 
thi.'i aside, phiee tlyi* nnd unliroUen in a 
vessel aloiigsith* them. The rindisneAt 
c'arriod to larjre c.isks fdleil witli fresh 
Cold water, in which it is immersed for 
t w M or three days, to rid it of the salt it 
lias ahsorhe*!. When taken out of these 
ca.sk.s, tlie rinds are boiled, with the 
double ol>iect <*f making them temler 
anti of cum|det(‘ly driving out any trace 
of salt that may still be left in them. 
I'or this purpose they are boiled in a 
large cojiper cauldron, for one to two 
hours, accordinJJ to the qunli^ of the 
fruit nml the number of da}K it has 
been immersed in brine. When removed 
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iVoiM fhis ("nililroii, tli(* ]ic(‘l should i*e 

tjuitt' fn.^e i'roin any tlavmir of salt, and 

at tlu‘ sfuno tnnr In* Millii lontly soft f<» 

aliiorh tlu'Mi'jar i'i‘JLdil\ lu>in tin* s\ruj» 

in uiiudi it In iw»\\ la-.ilv l<t la* iimuioimmL 

d'io' in’\t j‘ioc<*ss to wiiicli tin* rin<! is 

.snojor'cd tliat ot a sIdw ah>orj)tion 

oI and tins iM<njm*s no h*.s tfi.in 

vi^nt ‘la\s, "J'iiL* :il> of Mii^ar 1)\ 

lVo--h iVujI hi ouh 1 to In* thoroii-^h must 

la.* "dow, and n<»t, tml\ ^do\v hut also 

y;ra«lu.il; that is to .n,i\, tin* fruit sltould 

l)i‘ at tnst troatod with a weak solution 

of suirar, wliicli nia\ lliun la* i;r.uluallv 

•stH-'iii^t hom'd, ioi the |»o\\ or <»f ahsoi p- 

tiou is om» tlial 'flow’s hr ihodiir^. dhe 

iniit ha-m»\v ))a->*i* 1 into tin* saturatintj 

room, wiioro on «*vorv m to an* hmiriows 

♦ " 

o( ininu'tibo oartlioiiw aia* vos'st*]?,, ahoiit 
4 ft. hj<rli and l! ft. in oxtioim* diaini-tor, 
iu oiitlim* ruiiirhlv rosomhliiiir tin* fann-d 
l-truMan j.ir, hut with a;j;irth altoi^of Ju-r 
• Hit c»f jiro|.nrtoin to tlo-ir hoi'j;!^!, ainl 
with \ory short nocks, and l.irLTo opoii 
mouths. All the vossols arc tilo'd to the* 
brim with citron ainl oiaiojc* pnol, in 
every staijo oi* absorptiou—tliat is t<» sav, 
stoo|ii‘d HI su'/ar SNnijiof about oii^ht 
ditforont doLn'oos of stron^'tli. This ]u*o- 
oos.s almobt alwfi\s occupies oiolil days, 
the sVMijj in each jar boini; clia!ip;<‘d 
every dav, and with vessel.', of sncli 
trreat si/.e and w'ewlit, holdinjx at least 
5-ton ctf fruit and .s\ni]), it is cloarlv 
easier to deal wdth tiie svrnp tliaii with 
the ft nit, Tu lake the iVuit out of c»ne 
solution and to place it into the next 
strorii^er, and so on tliron^hout the serieis, 
would be a very ic^Uous [irctcess, aiicl 
one, moreover, nijurioiia to the fruit, 
in each of these jais, therefore, there is 
fixed a wooden well, into which a simple 
hand suction jmiiip bein^ introduced, 
the syru]) is jminped from each jar daily 
into the adjoiniiij.^ one. A slit^ht fer¬ 
mentation next ^akes place 111 most of 
tlie jars, but this, so far from beiuff 
harmful, is regarded as necessary, but 
is not allowed to go too far. 'J'herc is 
yet another stage, and that, perhaps, is 
the mos^'imjiortant, thnmgh which the 
peel has to pass before it can ho }>r(>- 
nouuced Butriciently saturated with 
sugar.' It is now boiled in* a still 


stronger syrui), of a density of 40 '^ by 
tile testing tube, and this is done in 
large co|>jier vessels over a slow coke 
fin*, rale being taken to prevent the 
pet-l adhering to the sj^e of tiie vesstd, 
by gfiitl} stirring witli a long paddle- 
belle. 'I liis SOI mid lioiling ce’cniue.*-’ 
about one lumr. Taken oil the liie, the 
\e.‘'selN are carried to a large wooden 
trough, over wliieh is a coarsLMjjieii wirg 
netting. 'J'lu* contents are poured over 
this, ainl the peel i*» distributed over the 
suitaec of the nett mg, so that the syruj) 
—now thickeiH'd to the (ousistency of 
tieacle—niav drain ofl the surface of the 
peel into iJie trough below. Tlic peel 
h.is iiow' taken up as much sugar as is 
necessarv. Xext comes the final jirocess, 
ti e true candying, or covering the sur- 
laee of flie peel Wltli the la\er of sugar 
ci\stals, wliieh is seen on all candied 
fruits. 'fo cllect this a quantity «t 
(l ystallised sugar—at Leghorn the* same 
quality of sugar is used as is on^ployed 
in the preparation of the svrnp—is dis¬ 
solved iu a little water, and in this the 
now dried pee], taken oil the wire net¬ 
ting, is nninorsed. The same cojiper 
vessels are used, .,nd the mixture is 
again hniJed over a slow fire. A short 
boiling will Kntlice for thii last process, 
for tlie little wafer will quickly be 
driven idf, and the sugar upon voiding 
will form its uatural crystals over the 
Mil face of the fruit. Poured oil' from 
llie.su Vl*s.•^els, it is again ilricd uj)on the 
surface of tin* wire netting, as befove 
described. The candying is now com¬ 
plete, and the candied petd ready for 
the jmckiiig-room, to which it is carried 
in shallow baskets, Jii the packing- 
room may bo seen hundreds of boxes, 
of oval sha]>e and of ditTerent sixes, for 
each country prefers its boxes to be of 
a particular weight. 

Plants. — ihned Platiis, — Ih-ied 
plants are ai)t to l>c destroyed by in- 
.sects, and large collectbms would soon 
become the prey of the larvie of Anobvumj 
J*tinus^ &c., were not tlie 'precaution 
taken to protect them •against the at¬ 
tacks of th%4e pests. 

Certain jiersons arc confont to'^keep 
their plant:] in tightly closed cases in 
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uhici* they place ]ihcnic acid, camphor, 
or oil [)f thyme. Others, once or twice 
a yeai, place their packages ol' plaiith 
111 a h'lx especially con-slnicted for the 
pnr[Mise, ami therein impregnate them 
wilh tne va]io^ of sulpliide of carbon, 
llo\v dangerous it is to handle this 
^uhhtauce is ueil known, arnl it shouhl 
he Used uith great caution. Tlie sul- 
]diidi! l>ox siiould be lined with zinc, ami 
.Nhonld he idosed hermetically by a well- 
adjusted ciwer, wliose prominent ilange 
ciit(‘rs a gutter, which may he iilletl 
witli waitT, and which is ullixed to the 
upper part of the box. After placing a 
\essel citutaining a certain ijiiantitv of 
sulphide of carbon at the bottom of the 
bo\, tlie package^ are put in jilace, each 
Iteing partially ojieued, so that the 
vapour dlscugagoii may penetrate every¬ 
where. Attt*r the hox lb ciose<l, it should 
remain so lor several tlavs, after whicii 
the coier is remo\ed,and tlie packages 
are expoM*d u» the air until the tnlour <»f 
tlic %ul]iiiide has entirely di.sapjieared. 
There is a pro<'e;»s of preservation whicli 
is more generally employed, and whicli 
consists in immersing tlie spe^'imens in 
the following solution:— 

7r» ]*er cent, alcohol 1 qt. 

Kichloride of merciirj' ... IJ oz. 

This liquid is a very violent poison, 
so the Use of it requires great ju'eiau- 
tion. The following formula is Siuiie- 
tlines ]>referred, because the .sublimate 
j>rescrves its properties more intact: — 

bO per cent, alcoliol ... 1 qt. 

Wator^. 

Bichloride of mercury ... 11 

Muriate of ammonia 

The bichloride is dissolved in the alco¬ 
hol, the muriate in the water,'and the 
two solutions are mixed. 

The plants are immersetl in the li(|uid 
as tollows; A deep poreelaiu j»late of 
rectangular form, and a little larger 
and wdder than the herhariuin j>apcr, is 
filled with the solution and ])lnced upon 
a table bctwi^ii a package of plants to 
be poisoned and a jmckage of driers. 

the pickets are detifthed from* the 
first speinraeii, so that they may not he 
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ruined by a stay in the alcohol, and, as 
a gn'ater precaution, in order to prevent 
anv faidimg c(*ntact, thev arc fixed wdth 
]uns so that they ju'oject externally 
upon a wiMpjKT, A gooil sujqjly of 
wrappers should he witliin reach. This 
I wraiqier thus [irejiaretl is place<l upon a 
drier, and tlicn, witn wo(»den or whale¬ 
bone nippers, ti Kig. 2fi4, tlie specimens 
' are seized and immersed in the liqunl. 

; Nippers made <if metal slunild never be 
Used for this purpose. T'he form figured 
is tho one adopted at the M^l^euIn of 
Natural Iiistor\,and can lie easily made 
bv any om* lor himself. 

After the specimen'' have remained in 
i the liquid for a short time, tliey are 
I taken out witli the nij>peys and allowed 
I to drain ; then they arc jdaced m the 
' cover, whiih is closed and ci»\ere»l with 
I a drier. The same operation per- 
foimed on tin* rest of the specimens. 
As SoiMi as a large enougii package has 
been torined it is ]uit in a well-aired 
])laee, so as to ]>eriu:t of tiie evaporation 
of tbe alcoliol. At the end of 'J4 hours 
it is necessary to replace the damp driers 
by dry ones. A longer stay in them 
would ])lacken the specimens. 

It must not be thought that the speci¬ 
mens thus ]»repared are for ever proof 
against tlie attack of insects. The her¬ 
barium should be often iusjiected, and a 
few drops of ]>ves4*rvative liijuid be 
Thrown upon suth sjiei-iinens ns are 
beginning to be attacked. Thi.s opera¬ 
tion may be very easily ]it!rf<»rnied with 
the bottle represented in b, Tiii.s is 
closed witli a rybber stopper, through 
which pass two^lass tubes, one for the 
passage of the lujuid and the other for 
the entrance of air. 

(Vrtain families of plants are much 
more sought after than others by in¬ 
sects, As a gi'iieral thing, fleshy jdants 
and tliose that contain starch are the 
first ones eaten; thi^grasses, ferns, and 
nioss4*s, on the contrar), are very rarely 
attackeil. Aft^er the ]>laiits have been 
jioisoneil, it only remains to arrange 
them in the llerharium. To*this efiect, 
they are fixed ii]>on simple sheets of 
strong, sized paper, in such a way that 
they will hold well. Thus *y>repared 
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they arc ])nt, in wrappers. The mean amined when neeessfiry- Several speeSes 
dimensions of the niouniinc paper are sliould never be fixed upon the ^^^nle 
12 x 18 in. sheet. 



r\iiij^ Uit.itih'At sp eininriM. 


For fiviin; tlie speviinens, n'>f .snudl I .'irije specinnMi^, tlie lichens, nlth 
^tl'aps of ^nininied paper arrair^ed here their snjiport, and certain funi;i van be 
and there in hucli a way (f.‘, Fn^. libo) fixed only nptm very stnms; paper or 
ab to hold aii tilt; parts^ without, liow- eNeii tiptm earditoard, and it is soine- 
ever, <'oriee:ilin^ tlieU). Itistead cd'straps times imlispeiisabie to sow them on witli 
some ])ersoiis use epins, but tlio use of e<»rtl. In order to prevent them from 
these IS more diflieult, and they lia\e injnrintj tlie neiijilbonriM'f ]>lfuits in the 
the drawback of breaking; the delicate ]>ack:i»;e, ^ond cushions ^if soft paper 
parts of jiliinta hy their eonlaet. The bhonld be interjxised. In nil cases sulli- 
specimens ^nuist not be /jhied to the eient space should lie reserved at the 
paper, but should be detachable at will, bottom of tlio sheet for tlie reception of 
so that they can be tliorouglily ex- the labels. the left is placed that of 
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collcMitor orofthr* |>(>rs4)ii fronj \vli(»m 
t he sppriinou was ivmvtMl. This lahol 
hlioiiid always b(" carefnlly ]>n‘'-rrv«Ml, 
i'nv it. is tlic om* that iiuist jijivr aiithoiity 
in the raso of <lnnt>t, Jt ♦■linuM h^ar 
iho ninnher ainl tin* imtcs t.iK4.n in the 


Icpps, anti wheiu'ver it is tlesircd to 
make an analysis, it is In-tter to nse 
them than to injure (»ne\s otjUeetion, 
The sheetN filled with specimens arc 
jdacei! HI \\ra|»]»e]-s, ainl it only remains 
to (la^sil’} them by iamiiies and piit 
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meim»randnin lamk. When it i'. a 

(pieslion til* rxsirt'tti, that is to miV, oI 
tt>lleetiinis td* wliich several examples 
exist, llie nnmiiers ]>ernHt of easily 
Imditii; the names of tlie plants whtm 
fhe latter are deserihed and puidi-'hed. 
lo tile rit^ht is ]tljieed a hdiel hy itself 
MifTieieiitiy laree to allow hil»lioj;rai)hie 
data and observations to he adilei to the 
name. The Howers and fragments that 
heenino, dotacl^ed dutins; the prejnvration 
of the speeiinens mnst not be reiri.Ntcred, 
bu^ hhun]^ be preserved iH sinail chve- 


• 

them in jmeKai^es, wiiiidi should b* ar- 
miiLred in tiylit (M'^es m a diy place, an 1 
wln-re tlie temperature is as etjnalde as 
possiide, t’ai e sinniId iM't.ikeii to allow 
, nothing io eiitei the natin dex’ote<l Xu 
1 lie eolh'i'lion tint eonid attract insect'-, 

1 and Hex er to allow •plants t<» enter it 
I that inive not first been poisoned. 

' Several sheets on which are mounted 
. sjteries heloiiiritio to the same oinins 
'i may he enedo^ed in the 6.ai^* wrapper. 
■To the upper riirht Iiiind corner of 
I tlie wiajtper should be gUieJ a small, 
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iioniijiu-iious tit:ket bearing the name of 
the s|iccics. This reiuiers researches 
much easier. 

Conspicuous tickets are also used for 
tlie genera, but these are iixerj u|)(»ri 
siinjde. sheets, so that they can be easily 

shifted. Tiiev must ho verv distinct 

• ^ 

from t)ie premhng. Tliey may, for 
exanijde, l)o made longer, and of a dif¬ 
ferent colour. Thev arc usnallv atlixoil 

to the middle of the sheet. Tiie fanulv 

• 

ticket should be larger still, and alM» of 
iiiudher colour. It is ti\ed to tin* left 
of a sinijile sheet. 

The herlmriurn ]),u:kagcs should not 
be too bulky. They are kept betvTtx'n 
caniboards, fastenwl together v. ith 
straps. 

An excellent measure taken at the 
licrbariuni of tlie J^tris Museum consi>ts 
in placing tlie sjiccies, ai'cording t«i their 
country, in wrappers bearing labels of 
vaiious cob)ur"-, <'orrespondnig to the 
5 parts of the wcu'ld. White indicates 
Kuropeanspccie.^, yell«»w rejiresents thoM* 
of Asiatic origin, blue is for Africa, green 
for America, and red ft>r Oceania. This 
arrangenieiit permits of easily tinding tlie 
species in which one i'. interested when 
he is making rcsearchea upon the flora of 
a region. Besides, it shows at u glance 
the geograjihiud distrihution of each 
s])ecies, genus, and family. 

—A collection of fruits is the 
indispcnsahle complement of the herha- 
rinin. To render work easier it is as 
well to ]dace it as near the latter as 
l»ossible. 

After well washing the freshly- 
gathered fruits in order to free them 
li’om foreign matter (care being taken 
during the operation not to rub them in 
.^uch u way as to deprive them of certain 
im])ortant characters, such as colour, 
villosity, etc.), they are put into jars 
containing alcohol and water. The.se 
fruits should carry a securely fastened 
parchment label, on which is written 
the number of the mcm<u'andum book. 
The lead pencil has the advantage over 
ink that t' e writing doe^. nut become 
ellhccNl in alcohol; yet for greater safety, 
it ia preferable' to form the numbers 
with a ]umch. A sprics of figures does 


not cost very dear, by reason of the 
security oflcred liy the tickets that it 
lienniU of making. 

if a person is travelling, and wishes 
j to ship the fruits, he will merely have 
to close the jars tightly »ith gi»od corks, 
coAcred with a thick layer of bottk 
wax. Sealing wax dissohcA in alcohol, 
and it IS therefore very important to 
have corks that adjust themselves jier- 
• fectly to tlie vessel if one wishes the 
i cork mg not to be defective. The jars 
should be carefully packed to ]»revent 
breakage. They shoulil be uccomjianied 
with a catalogue hearing note.s fr<»m the 
inenioraiuluui book o)*posite the num¬ 
bers. 

When it is desired to arrange the 
fruits, it is often necessary to change 
I the alcohol, Avhi4‘h, in certain cases, 
i rajudly darkiuis. The liquid siimild be 
I changed several times, until it remains 
<d' suHieient limjHdity. 

A large nuniher of syslenishave been 
j devised for closing the jars. A cork 
! stopper, when of good quality, has the 
advantage of being easy to insert and 
extract, and that is to be taken into 
eonsideratiou if it is necessary to ex¬ 
amine tlie speiMinetis often. At the 
museum arc used jars with a lip, which 
arc covered with glass discs, held by 
glaziers’ putty. After the latter i.-. dry, a 
])iecc of bladder is glued to the disc, and 
its eilges are tied around the neck with 
a string. Finally, the whole is covered 
with thin tin foil. There is nothing^ 
further to do but to put a label ou tlie 
jar lasiring the name of tlie fruit, its 
origin, ami the name of the collector. 
As the same number is (‘arried by the 
specimen in the herbarium and the jar 
containing the fruit, it permits of easily 
bringing together these parts when it is 

desired to studv them. 

•* 

]>ry fruits are simply put into glazed 
boxes or into bags or jars. 

The classification of thfi collection of 
fruits should be done in the same order 
as that of the herbarium. 

Wood, — Spei^itnens of woods should 
be kept in a separate room from that of 
the herbariuiil. They usually conHin 
numerous insects’ eggs, and, fV<»Tn time 
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to tinio, thoy slioiiM be put into the 
Milj)hule of carbon bt>x. They sliouhl, 
a.N far as possible, lie of nnlfonii <hm<‘n- 
sious bi onb'v that the strucinie 


of the no(Hl ivjiy be nell seen, tio* same 
speries rilioubPbe represented by longi- 
^tndinal and transverse seetiinis. e*, f. 


SjK-eiinens of ^(khI shouhl be labelled 


and clnssihed with the same care and in ; 
the same order as the other collections. 

(HttmfiCidwn of Ci>llvctions. — Jt is 
iiidisjiensable to elassiiy {'ollections ami | 
4o catalogue them, so that the objeets 
tlnit tliev contniu may be easily fniiud, 
and one may km>w what he owns. The ] 
(ataloeue should be numbered, and tlie | 
numbers jdaced ujmn tlie tickets i*!' tfu* 
iifenera and sjMM‘ies to which they eone- | 
s]M)nd. Thi'* consideraI>iy facilitates ' 
researches. In order to avoid beomniUb; 
a new numberinj; every time that ad- 
ditifuis are made, it is iieee*«sarv to take 
Works Ibr one’s j^uide that, as far as 
]ios;|ihle, contain tlm total number t>f 
oenera or speeies of thi* reejion that one 
i»a.s taken as a limit, {In Naiun .) 

Wood. —An interestinsr account of u 
new process for proservini^ wood was 
lately given in a paper read before the 
Western Society of Engineers, Chicag*>. 
The method 1 ‘eferred to is kmwMi as 


tiie zine-creosotc proce>s, dead oil and 
eliloridc of zinc heiiiir the active agents 
employed. It is sj>eeisilly suitable for 
railway sleepers, bridge timbers, and 
for situations where wood is exposotl to 
• any groat^degree of moisture. The 
timber is first of all steamed in a 


Vacuum^ the oil is then injected into 
the cylinder in which the wood is placed; 
after which the chloride of zinc is 


ap]>IitHl by pressure. It is said that the 
oil penetrates the pores of the wood to a 
certain extent, and the chloride of zinc 
goes to those portions unreached by the 
oil. According to the Avritcr of the 
]iaper, J. l\ Card, the metluKl will give 
the best resiilts of any process for the 
money A]>ent. 


COIHIOSION AND PROTECTION 

OE Metae Surfacbb. 

Some substam'es are ap]>li<*Hblo to the 
]ireservation of m<»st metallic surfaces, 
and niav ilierefore be mentioned before 
dealing with those which can be apjdied 
only Willi discrimination. Sucli may 
be .saiil to coUMst ehivtly of solid liydro- 
carlioiw iu combination with liipiid 
hydrocarbons, eilieric or fatty oils, 
Aimmg>t the siihd hydrocarbons, pre- 
lerably imlia-rubber, parallin, and ozo- 
kerit are used ; w’hiKt among tlie liquid 
li\dvoearbons and oils, reclilled jietro- 
b'lnn, ligroine, ami turpentine-oii are 
preferably Hp}died for the manufacture 
of the abin'e composition. A valuable 
Combination is ]iroduced by melting 1 
part of paratliu under moderate heat 
(about K.) ill a closed vessel, and 
by then adding and mixing ‘J-4 juirts 
oi reclilii‘il jielroleum, ligvoino, or tnr- 
pentine-oil, with tin* ineltcfl parafliii. 
According to tlie greater or lesser quan¬ 
tity of liquid which is added, llie con¬ 
sistency of the composition varies. It 
can be applied to the surface of the 
metals by moans of a still brush. 

Copper.—Tlie cornt.shm of copper 
by oxidation on exposure to the air takes 
place very slowly, the metal becoming 
soon coated with a skin of carbonate 
commonly called “verdigris,*’ though 
that name is correctly applied to a basic 
aettatc of cojqier. This iimuliar film 
on the surlai'c of ex]>osed cojiper consti¬ 
tutes a pr^itecUon against further oxi¬ 
dation. The Rction of salt water on 
copper which is also accessible to the 
air IS rapid, but may be iu some degree 
modified by alloying a small proportion 
of ])hospliorus with the metal. Dr. 
Percy has made tlie remark'that for 
more than a century European inctal- 
lurgisis have been familiar with small 
thiu bars of cast copper, of Japanese 
manufacture, which present a beautiful 
r(»sc-co1ouretl tint, due to an extremely 
thin and pePtinacioiisly adlK'rcnt film of 
red oxide of copper, or cuprous oxide. 
This tint is not in the least degree 
affected by free exposure of I4ie bars to 
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tho atiiiosphore. lie lias h;i<l siu*li liars 
ill his ])ossrssi<i!i for inure than vimvs, 
aii'l although tlu'v have )»feii freely r\'- 
]K>sed to the atniosjihere durini^ tlic 
whole of that jteriod, \ft they liave 
not uii'lergoiie the least ehange in ap- 
jiearaiiee. Kverv oiieknons that \vh«n 
a piece of oriliiiary eopjier js ex))oseil to 
the atniospiiere, it sjiet'dilv ao|iiires a 
cl.ivk-(*ohnire«l tarnish. Hence the con- 
('liisioTi ffiat t/icre is sunie peeulianiv 
on tile sin face of the .I.ijiaiicse copper, 
which ])rotect.s the iin'icrlying mclal 
from atnl^^pherie action, and tliat ]ie- 
eiiliaritv, it inav he ihenonstrated, is 
the presioice ot a film of cuj'rnu oxid**, 
in a particular ]>h\siial state, which 
acthlike varuibh. The bars ofJap.nie^e 
copper are actually cast iin-h*r water, 
he inet.i! and the water, prevcusly 
heated to a certain degree, hemg ])oiired 
at a liigh ti'UJ|»eratun*. Wlieii copper 
is so cast, under smtahle conditions id’ 
temperature, it a«‘ijuiri‘s a coating of 
cuprous oxide, which acts in the manner 
descrihed. 'fhe temporature is sn< )i 
that the so-called spheroidal aitioii of 
water comes into )dav, ainl tliu inctal 
flows tranquilly under the watt-r. The 
.su]>erficial oxidation is prohabiy due to 
the action of a film ot steam, wliicli 
there is reason 1o ludieve surrounds 
the cofiper under 1 hese conditions ; and 
when cojiper is lieated to a high tem¬ 
perature in ‘'team, the latter, as shown 
hv ivegnault’s expenmonts, is <iecom- 
|iosed, with the cvrdiition of hydrogen, 
and the formation cd'ciiju'ous oxide. 

Iron and Steel.— 'i’he diUcrent 

varieties of iron and ^teel x\ill not 
oxidise (rust) in drv **air, or wiieii 
wholly immersed iii fresh xvater free 
IVom air, hut they all do so x> hen ex- 
jiosed to the action of wafer or moisture 
and air uliernatelv, Verv thin iron 
oxidises more rapidly tiian iiiick iron, 
owing to the si'ules of rust on the 
former hiiiig fhroWn edf as soon as 
formed in coiiseqn of tlie expansion 
and (Mintraetion from alternations of 
temjiernture. Iron jdafes are more 
durahic wh«ci uriiteil in Fiii.sKes than 
when istdated. 'I’he oxidation of iron is 
to n great extent arrested hy vibration. 


'fhe comparative liability to oxidation 
of in'u*and steel in moist air, according 
to Mallet, is — 


(’a>.t iron 

100 

Wnmglit iron 

120 

Steel ,, 

K13 


(Vst iron does not rust ra^n-Dy in air.' 
When imnierseil in salt water, however, 
it is gradually softened, made }»orous, 
and <oin'erted into a sort of graphite. 
Mallet found that the rate of corrosion 
ilecreased with the thickness of the 
lasting, lieing ilurtng a century -j'o ' 
111 . Ill ileptii for castings I in. thick. 
Stevenson touud the deiay to be more 
ra]ii<l than thi>. 

Wrought iron oxiiliscs in moist air 
nioic rapidly than cast Ji'on. The evi- 
lience as to its rate of corrosion in salt 
water is ralher contradiidorv. Kennie 
found that it (‘orroded Jess (|uickiy than 
last iioii, hut Mallet’s experiments 
showed tliat it corroded more quickly. 

Steel rusts Very iMjiitily m moist air, 
more qiiiekly hut more nniformly t'tian 
w'rougtit iron, and far more <jnickly 
than cast iron. Low shear stetd cor- 
jodes more qui<*kly than hard cast steel, 
Uecent experiments how'^ that steel im¬ 
mersed in salt wati*r is at first eorroded 
more quiekly than wn>ught iron, but 
that its buli.seijuent corrosion is slower, 
and tlie total (orrosion after <*1 long 
]ieri()d of immersion is loss than that of 
w'n'ughi iron, 

in the course of a jiaper read by 
McKlroy liefoee the Western Society of 
Kngineers, on the causes of corrosion 
in cast-iron pipes, the author ohsorvetl 
that a jiroininent <‘ause of corrosion is 
the class of materials used, and also the 
method of the manufacture of ])ipes iu 
<ndinary foundries. In the first place, 
a clieaji and easily melted ])ig is selected 
—speeifu'atioiis and the inspection of 
qualify and mixture not boiiig strict— 
and the castings (for convenienee of 
hnudling) are generally made in green¬ 
sand moulds laid at a slope of about 10^ 
from the horizontal. Impure nietal is 
therefore run iu a xvay tliab aggravates 
its defects. The core bars are coated 
xvith straw ro{ies, whicdi niay^c mojf^ 
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nr less soft ni)(1 lousr, rnntei! witli Inniu 
more or less soft ami wet^uiul spnakled 
with saii<l. 

If not verv eai'erullv' wedffrd, 

))ars W'ill riso; uml they aresehlnm st.iil* 
f’lum^h to resist the ii]wvaril ]ire^sure tif 
tin* mAal. The xisn.il ‘?|trini: at 

' the centre for the eoj-e (tf an S-m. pijie 
is d.-’ ia.; or as mneh as in. with 
a h-in. ]a{H. I'lxe metal. ]H>unMl m 
from lilt* n]ij»er ('lul, first fills the lower 
section ot‘ the moiilil: and a-* it risi-s 
rouihl the core to till the npjnM* section, 
jts weii^ht Hjniiit^s the har u[iv\ard to 
tlie extent indicated, inakiiisj the i 
Ihit'kei* at the h'Wer, and tlmimr at 
tiie iijiper sole. 'Phe den**t‘r, loifler, ami 
]>niei‘metal lillsfhe lower jiorlinn; the 
ini|iiinlies naturally iloatiiii; upwaid to 
settli' in tile thinner metal as it cool^. 
ll<‘re ij.itlier portions i>f’ tin* sind < oatine 
of 1 he nunild : w hile the hnhhli s of* the 
luetiil, caused bv llie di'Vehtpment of* eas 
iVoin the veiretahh* matter of* the loam, 


I of luuist air. sea water, and acidulafed 
1 water. ilavim; done jiiNtice to the 
j iMiHer laljours (if Mallei, IMiillips and 
I ]\irker, he ex]>lains the arraiii^c'inenls 
‘ iii.ide to secure a ]»eifectiv fair trial. 
I 1’hc‘ followin'^ results were tdd.ained. 
The c-\]ieriiin*iits with inoKt air are 
.still juMceeiliiii^; hut so far, it was 
found til.it in lio davs the steel jdates 
lost i»-4orm.1»>v f‘Vew - sij. tleeimeters 
I of Mil f.ice. t’hroine steel rnsled iiuire, 
! ami fuuijstated steel less, than tiie 
i ordinary earhiirctted steel. <\ist iron 
1 lost only ahoiil iialf as mucli as the 
! fftee], and spieiT|.h*iseu less Ilian i^rev 
I non. Si‘a watxT dis.*,tdx t‘s non rapidlv, 
and arts upon it moje }teweif(il]\ tluia 
on steel, niosf )>ow'erful]y of all upon 

p da\*», t lie stoel plates 
With Li M[. de( inn^ter-. ofsinfaic lost 1-‘J 
crrin., wliile l>e%M‘n)er mefa] lost H’h 
i:im, ph«*spl)oiised iron h i:rin.. and 
spiru^tdemeii 7 'j;nn. Tempered steed 
was ]e-s allecfed ilian the sann* steel 


ami (Voin its dai>i)»ness, teiel to pi‘r]>e- 
t ua/e iheinseh e> in blistiu's an-l air eel Is. 

The usual defects in flicse <dieap cast- 
in^.s are, theiuibre, ineijnalifv in thick¬ 
ness, air cidl:j and Idisti^rs, .sand holes, 
cold clinfe-^ fi om cliilled metal, and 
iiiixtnre* of sand an I iron. Sucli pijM*h 
are also iVerjiu'iitly out (»f lin(*,from tin* 
cfh'ct of ntuM|iial eontraction. Fipi.s of 
this deseription are pcciiliarlv liahh* to 
eorrosion ; cont..iiniiii^ as they do mix¬ 
tures of metal tif illflerent dcnsllies, to- 
£!;etlM‘r with mm*h trr.aphite. Tiie du- 
^ration of .sueli ]U}»os in the irrouml is 
iarjrely alfeclcd by llie amount of dis¬ 
turbance tlu'v leceixe. If well laid at 
a i;ood iftpth, and thoroughly backed, 

thev mavconimue sevxiceable f«»r maiiv 
» 1 « 

years; but tbeir defects are likely to 
become Budde.nlv jn'oininent upon coin- 
I'aratiiely slij^ht exteriril iiiterfereiu’e. 
In favourable circumstances thev in.iv 
b»st more than tiiirtv years; but tlie 
majority, if tested after less use, will 
tshovv Haws |.bat would have ensured 
their rejection if detected when new, 

(Srun»i‘ has latclv puhlished the 

results of a|pVcai\ researches info the 
ooinparatice oxiilis.dulity of cast iron, 
stje), and^boft u‘on> uudetitho influences 


twice annealed, soft steel Ic'^s than 
i hrmni''<tecL ami tiine[statcd stetd less 
th.in the iirdiiiarv steid with the same 

I ► 

]»ro}>ortion of (Ml Imiii. It is evident from 
these e.xperimenfs that m.inLram*se sheets 
oni;ht not t*i he used on the liull (d* a 
X’essel. Acidulated water diss»dves I'a^t 
irmi much more rajndly than steel, hut 
not spieejehdsen. (/.«( 

In the 1 ustmsj of iron then* is formed, 
to;;ethi*r With ail evtdufiiin of hydrotjen. 
whicli etiinhmes with mtroe;en, formiin^ 
a snitll (|uaiitit\ (»f annuonn, ferrous 
cail>oiiate. Tills (‘han«xes x’erv (juickiy 
int»' feme hvilrate, mixed with ferrous 

t 

oxide, and onciosinir some unaltered 
fei rous carhoiiafe. The presen< e in rust 
(d* ferrous oxide, carh.mic acid, aud 
atnmonin, is thus explicabh*. Kust 
fornu'd under water is, in ronseijiiem'i' 
of the sma]|(*r amount of acid }ircsout. 

uallv richei in juadoxide of iion, ami 
therefiU’e a litth- lua^uetic, ami of a 
deejicr tiut than tJiift formed in nir. It 
is aceordini^ly assumed that the car¬ 
bonic acid |)n*scnl in the atinos]dieiv 
and in water acts, in tdie i>roduction ol 
lust, siinilai'iy to those acirfs in winch 
iron dissolves, the only diflerence beine 
1 that, in the rusting of iron, the ferrous 
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salt first fnnnod diaiiijes, bofdiv il is 
<lissolv<‘(l, into basic ferric salt nr ferric 
hydrate, winch ch:iii‘ 4 c is a natural 
result of the solution of iron in an in* 
Kulliciuut ([uautity of tin* acnl or water 
present, or botli. The duiLser llie iron, 
the sinootlier ainl more even ils Mil lace, 
the less is th(‘ contact between it and 
the attacking; substances, and, uiuler 
otherwise similar (anulitioiis, so much 
the hetter, (jf course, w'ill it withstand 
rusting;. If tin; latter lias begun, it 
])ronwiies its own fuvtlier formation, as 
rust, like other porous bodies, absorbs 
gases and therefore takes u)i moi'.tiiri! 
and acitis from the air. Besides, where 
rusting has already begun, the change 
from the lirst-fonnod ferrous coiujionnd 
to ferric hv<lrate is atteudeil bv a setling 
free of the active acid, which is then 
in a coTuhtioii to act powerfully iii the 
formation <d’ i'resh rn>t» liust alreadv 

•r 

formed must tiierefon* be <jui4*kly re¬ 
moved, in <»rder that a new' lav4*r .sliail 
not be jiTodneeil. b’usting, being pm- 
nmted bv acids existing in the air, js 
also a(‘eelerated f»y tliose present in 
water, and for this reason inm is de¬ 
stroyed more (piickly m marshes and 
bogs than in lakes or <*onsideral)]e cur¬ 
rents of water, which are generally 
comparatively free from aeids. The 
tendency of iron to rust is also jucroased 
by some salts dissolved in water. Thus 
it is explained wdiy pie<’f;s of cast iron 
can, by long imraersioji in sea water, be 
changed to loose masses, retaining the 
same outward form, but (MUiMsting 
essentially of carbon. Iron winch has 
been metamorphtfsed in this inauinT 
coutaius more carbon ,in proportion to 
the coinjdeteness w'itli*'W'hM‘h the iron 
itself lias been di.'-bolved. The mass, 
when taken out of the water, possesses 
a low specific gravity, and smh great 
porosity that a coudeiisatiou of air hikI 
simultaneous rise of temperature take 
place, sometimes sulTicient to cause tiie 
spontnneou-t ignitibii of the w'hoJe. If 
a substance negative to iron, such as 
scale, tin, &c., ]>artiallY covers its sur¬ 
face, the p«»rtious coaled arc* of course 
protected, A'ut the uncowtred portions 
are only so much the more liable to 


rust: thereftire, before coating ]»icccs of 
iron with oil-paint one bhould free them 
from all scale hv the action of dilute 

A 

acid. If, iis apjioiirs to be the cabe, 
contact with impurities rerul^TS iron 
]io.sitive]y electri(‘al, tiieir exi^ten<*e in 
its iulerior must also jironiotr rusting, 
^i'hus, forged iron appeal's to rust fust 
along the bands of impurity occurring 
in It. A })artial coating of a molal 
positive to iron, such as /.iiic, not onlv 
])rotccts the f iivere»l portions of the iron, 
but also Itindeis tlie nusiing of the tin* ' 
j>rotccle4l parts, the more completelv, 
indec<l, the smulier they are. A coating 
of fat abo protects iron, fur some time ; 
but wlieii the fat, bv absorption ot 
oxygen fnun the air, lias become lancid 
and in part clianged intti fatty acids, 
the tendency of the iron to rust is in¬ 
creased. From the part which giilvanic 
in(iueiu‘t*s take in the mating of irrin, it 
follows that iho>e substances positive to 
iron, which, when in mere contact with 
it, ju'cvcnt it from rusting, the 

s.'inu* if thev arc alloyed with the iron, 
becaiC'C such allovs arc in general more 
positive than iron itself. Thus, manga¬ 
nese alb»\ed with iron promotes tin* 
tt*ndency <d tlic latter to rust. So long, 
however, as tlie quantity of manganese is 
iiniforni ainl not t<M> large, its etl'ect in 
this direction is inconsiderable. If, on 
the other hand, the ijuantity is uniformly 
distributed, the rusting of the portiivns 
of iron richer in mangane.se, and there¬ 
fore more positively electrical, must bo 
greatly firomoted by’ contact with tlioso 
parts jmorar in manganese; hence tlu^ 
presence of uneiiually distfihuted quan- 
titii's of manganese ajqiears to largely 
augment the tendency of irt?n to rust. 
Association with electro-negative sub¬ 
stances, such as carbon and }ihosj>iioni', 
dinuni.-<}ies the tenib*ii<‘y of iron to rust, 
if tlie quantities of the cdectro-negativc 
substam;cs be evenly distributed tlirough 
its whule mass. But iron poorer in 
metalloids in contat't with iron richer 
in these bodies, becomes tpure positively'' 
electrical, and thus the rusting of the 
poor('r portions proceeds more, ra])idly. 
Sulphur is an exccqitiou. among the 
nietallokU, inasnincli as it promotes 
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rusting. Forged iron i*ui>U uu>re easily, i 
Witli Mil increase iu the amounts of 
carhun, silicon, and phosphorus present 
in iron, the teudeiicy to rust diminishes, 1 
go that cast iron is the more capahlo of 
resistance to rustini:, accordingly as it 
contains more coinhintMl carhtm, silicon 
and phosphori^, and heconies denser, j 
-•Srey cast iron is, as is well known, 
poorer in combined carlion and h's*. dense 
than white, lioth characteis induce a 
greater tendency to rust. iVrliaps the 
• inechanieally-eontiuned graphite also 
<'ontnbutes to this, as galvanic actn»ri 
may arise from its contact witii the 
iron, in sjiile of its l<jw<‘r density, and 
the contaiueti graphite, giev cast iron 
withstands rusting better than steel, 
althougli the amount of combined c.irhoii 
in the latter is prohably at least as large 
as ill the former. This is piadj.ibly ac¬ 
counted for hv the great<'r freeilom of 
steel from silicon and phosphoius. Tiie 
ciriaimstaneo that grey iion smelted i 
with coke is less soluhli^ tlian that ob¬ 
tained from charcoal inav be siimbirly 

• » 

ex]»l^lue^l, VIZ., by its greater |iii>)iortiou 
of silicon, and probably ai^o, phosphorus. 
Spiegi'leisen withstands rusting better 
than granular white <;jist iron, hy reason 
of its gfeaier density and larger amount 
of carbon. Elaborate exjierimonts in 
conneetKin with this subject were made 
hy Parker, whose results are fi»r tlie 
most part in acoorilance witli the fore¬ 
going Ktatements, (Akerman.) 

Protection. —(1) Galvanising consists 
iu covering the iron with a thin coating 
^of zinc. The iron is cleaned hy being 
steeped for ITime S hours lu water con¬ 
taining about 1 ]>er cent, of sulphuric 
acid, theif scoured with sand, washed, j 
and placed in clean water. After this 
the iron is heated, immersed in chloride 
of zinc to act as a ilux, and then 
plunged into molten zinc, the surface of 
v-'hich is ]>rot< cted by a layer of sal 
ammoniac. The jirocess diflers slightly 
according to the size and sliajie <if the 
article. It is a siin]>]e one, ami may be 
applied to small articles in any work- 
shop. Ivirkaldy found that galvanising 
does not injyre iron in any w-ay. The 
2iinc protects the iron from oxidation so 


long as the coating is entire; hut if the 
sheet iron be bad, or craeked, or if the 
zinc coating be so damaged tint the 
iron is expo.^ed, a certain action is set 
u]i 111 moist air which ends in ihe de¬ 
struction oi* the sheet. 

The sheets are generally giilvanls(‘d 
before they arc cornisjateii: but os in 
process of corrugation the slieets, espi‘- 
cially tile thick er ones, sometimes cr*’^ k 
; slightly on the surface (uules-. the it on 
, is of the very highest ^juality), it is an 
advantage, with all sheets thicker tl].*iu 
lit) gaugf, lit galvanise after corniga- 
j tinii, so as to Jill up with zinc any 
I cracks that m.ny have oc<’urred. As, 

' however, a larger quantity of zinc ad- 
I heres to tin* <-on*ugateil than to the flab 
1 sheets, they luive, wdien so coated, a 
distinctly higher value. (Matlicsou.) 

(*J) Pamliug is an ellectual metlio-l 
of pieserxiug iron fnun oxidation, if tee 
paint Is goiid aiol ]>roperlY applied, an I 
tlu‘ Jioii 111 a piopcr condituui to le- 
(■I'ne it. In onJer that the ]trotecti.'ii 
h\ p.iiiitJUg may continue, the sUll.ov* 
should be carefully <*\uniined from time 
to time, so that all rust may he i«- 
mu\ed. The paint may be renew dl 
tiireetly it is necessary. 

Cast iron should be painted soon after 
it leaves tlie mould, before it lias lime 
to rust. The <diject of this is to pie- 
serve intact the hard skin w'hicli is 
formed u]K>n tlie surface of the metal 
bv the fusing of the sand in which it is 

«r 

cast. After this a second coat should 
be applied, and this should be renewed 
from time to rime as requircil. Iu any 
case, all rust upon the surface of cast¬ 
ings should be I'i^refiilly removed bofoie 
the ])aiat afiplied. tSmall castings 
are <d’teu japanned. Before painting 
w’rotight iron cure must be taken to 
remove the hard skin of i»\hle formed 
upon the surface of the iron during the 
proce^s of r»»Uing, and w hi(‘h, by tlie 
formation of an almost impelcoptible 
rust, becomes jiartlv*loose and dctMche<I 
from tlio iron itself. An attempt to 
prevent this rusting is sometimes made 
by dipping the iron, wdiile still hot, in 
oil. This pl|in, however, if expensive, 
and not very successful. The scale u 
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snmetinii's ^<»t riil ofhv “ tJu* 

irt»u beiiii; iii'bt ilipjictl in diluto add tu 
lenuive tho sr'ali*, ami then wadmJ in 
jiui<‘ watiM'. - It’ the trouble ami ex- 
jH'Use were iu>t a bar to its ^^eiieral 
aiti]>tiou, thi^ IS the i>rt>per |iroeesi> Ibr 
ttrejiarini; wroUL^ht ii'*»n for jiaiiit, and 
it m eAHi'ted occasionally in \erv htrict 
.specifications. Jint >oniewiiat the .‘‘aine 
result in.iv be of»tained b\ allowinir the 

¥ • i> 

imn work to rust, ami then scraping 
olf the stale }irt*jKiiatory to puntiiu:;. 
If .some rust remains upon the inni, the 
paint should not he ap]>ln‘d lijclitlr to 
it, hut by means of a hard hrii.sli shouM 
be mixed w’itii the ru-Nt. Ordinary lead 
jKtmls, especially red lead, aie often 
nsed bir protectinir iron work, imt tle-y 
are (►ffen ohje<*ted to on tlie u'round 
tliat galvanic action is set up between 
the lead and the ir^n. >I;itln*>on re- 
cominemis oxid<‘ of iron paints for iron 
work oimerally, and }>ituiniuoMs paints 
for the in>ide »jf pipe>. ()r for ironwoik 
lixed uieb'i* water. The ironwork for 
roofs, bridges, and siimJar stnirtnies, 
generally roceivi's one <‘oat ol' ]>aint 
before it le.ives tin* sliojis, and t 
three more after it is li\ed. 

(o) I)r. Angus Smith's process is an 
admirable means for ]ircventmg cor- 
losion in cast-iron pipes. The ]iipes 
h.'iving been thoroughly rdcatied from 
mould, sand, and rust^ are heated to 
a limit Too® F. TJiey are then dipped 
\eiiicallv into a mixture consisting of 
co.il-tar, pitch, about h-d jicr <‘ent. ol 
linseed oil, and sometimes n little resin, 
heated to alumt .‘!00 K. After remain¬ 
ing in the mixture ^ever.al minutes, 
long enough to aetjuire^the tomjierature 
of rJUP° F., the pipes are gradually 
withdrawn and allowed to cool in a 
vertical position. Perfect liohesion 
should take jilace between the coating 
and the )>ipe, and the former should he 
free from blisteis of any kunl. In 
pr.ictice, the heating of the jiiyies be¬ 
fore immersion is found to be very 
e\peii.sive, and is fre<iuently omitted. 
}lowever, many engineers cozisider it 
Ofi.sential f(c* really good \w.jrk. 

(4> AH turned, filled, and tooled 
aurface.s should ha\ea coating of tallow 


mixed witli white-lead to deter its 
melting and running olf. Pr. IVrcv 
rcconimends rosiii melted with a little 
(Jallipoii oil and sjiirit of turpentine, 
<»r such jiroporlioiis ns will m.ike it 
adliLie Jiniilv without chipjiing otl, yet 
admit of being easily detached by gentle 
scrajniig. 

1 (o) C entura Surra, after nianv years 

I ' * ¥ m 

I of experiment and observation, having 
I iiotieci tiiat kiiivus u^ed in cutting 
I plants beionging to the family of Ku- 
phorbuicise did not rust, is led to rc- 
eomnumd for this ]nirpose an alcoholic 
Solution of gnin (resin of) euphorbiuin. 
This when aj>phed t(» steel, irmi, or 
copper, fiirniN a tliin, unifiinii, and very 
adlierent layer, winch etfeeliiaily 
te* ts the metal. IjXperinieiits wdth 
Clipper iinmersetl in sea-w'ater—-a ship's 
sliealhing—were follow'ud by giatifving 
results. 

(<») Aceording to the ‘Engineer/ 
J. iMaclialM-e lias some little time since 
iuveiile»l .‘I eoiupositioii to ])reserv«‘jfon 
fVitin rust, aj)plicuble also'to other ina- 
j teriaU. sin'h as stone or wood, used in 
<*onjuiiction with metal. Tiie following 
is the cinnposition : Virgin wax, lOO 
parts; tia]li]M)]t, I’.i.'); Norwegian jiileh, 
grease, lOO; hitniliell of .luden, 
gutta-percha, 2d.'>; red-lead, 
white-lead, ’JuH. 'fhese ingredients arc 
mixed together in a huiler in the onier 
aboxa', the gutt.a-perch.i being cut up in 
Miiall jiiece^, Ol ras}»ed. Tlie mixture is 
i stirretlat each addition, niid poured into 
I inuuiils. For iron, it is ni^lted and laul. 
with a bi ush. 

(7) fjlirdrrs, angle-irons, and similar 
large masses of iron, are often ]»iaced 
in e.xjxtsed situations, where damp air, 
steam, and acid vaf»ours have access. 
If the, iron lie jmt ii}; in the rough, it 
very speedily rusts, and uinler favour¬ 
ing conditions the corrosion goon reaches 
a ilangerous point. Contractors gene¬ 
rally agree to supply such irons painted 
ill three c<»ats of minivm, which, if 
honestly done, to a certain extent pro¬ 
tects the metal; but a novel' mode of 
treating girders is to liea^t them until, 
if touched with oil or fat, they cau.se it 
to frizzle, an/ then plunge tjhem in|o ^ 
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vat <>f mixed oil and grease. Hiis mode 
<d treating cast iron is said to be siijjerior 
U) any “ painting,’* as the oleaginous 
matter actually jienetratos the jn'ves, 
and jirevents oxidation for a very Jong 
lime, while it does not jireveiit jtainting, 
ii desirable, aftJlk*w ards. 

*■ (S) 'I'lie results of some cxperitiienfs 
(*n tlie preservation of sheet-iryn used 
in railr<ijid brulges have Iteiii ]>ublished 
hv tlie dire<’toYv of the (i<«verninent 

m 

ijnlronds of ihe Netherlands. From “'‘J 
sbeets half was cleaned by immersum 
lor tr^4 hours in diiuti'd 1»\drodiloiio 
acid: fbev were then neutralised witli 

7 •/ 

milk of wa-^hed with hot water, 

and whih* warm, dried and wa>.lied witli 
oil. The other halt was onlv cleaned me- 

ft 

. chanicallv hv siratcdune and brii''hiii*c. 
4 of each kind were then cqnaily ])i\int4Mi 
with rid-b‘ad, with 'J kinds oi a red 
of oxide of iron, and w itii coal-tar. 
'J’In* plates were tlu*n e\p4»sed to tin* 
ncather, and cxaniiiied after \ears. 

T ft 

The result wjis--{o) That the red-l^'inl 
had iSept jterfectly on both kinds of 
]dates, so that it was imjMJSMhle to say 
if the chenucal cleaning was of any nsc. 
(6) That one kind of iron oxitle rod paint 
had hetlej* restiU.s on the clu'inn'allY- 

h 

treated plate than on tlie <dhcr—in 
fact, a result e<{ual to that of the j>lafo 
painted with red-lead; while tlie other 
kind of iron oxide red gave not \t*ry 
good results on the plates wlteii only 
scratched and brushed. (<■) That the 
coal-tar w'as consideiahly worse than 
tjje paint and had tM-en entirely ilis- 
appeared from those iron sln'cts which 
had not been treated chemically, biit 
only cleaiffd by brushing. 

Af(‘c7i.) 

(0) Cast-iron IMpes.—The water from 
mines fre<iuently contains enough acid 
to attack cast-iron pipes, ilestroying 
them in a short time. Oil colours and 
varnishes olTer but a limited resi.stauce, 
■md the process of eiiamellmg emjdoyed 
in Oberschlesii^ says Kiigelbardt of 
^bbenburen, although pennanent and 
eflective, ns expensive. Cement is 
cheaper, and i% unacted upon by the^e 
waters, and the only question t<i be 
Fiettlefl was whether it w'ouW a'lhere to 
5 • 


the smooth iron with .^uHicient lirniness. 

Two siiuilar ]>ioces of rolled inui w'ere 

taken, one of them ]>aintcd over 

r> times with a xery thin cement, so 

tliat the ('ojiting was \ in, thick, Ibdh 

jficrcs wcie siispciided Hear together in 

that ]tart of the slinff where tin* Water 

had attaeked tlie signal cable nio.st 

> iolently,and were left there 4 months. 

On taking them out, the unproteeteil 

iv<»u was touiul to be vedu<‘e4 to ' its 

oriiiina! thukn»‘ss; the other, in wbiidi 

a hole hatl }»«*en bored to siisj^end it, 

hail sulVered the same corrusiou at the 

e\]H*sed jiortion; llie cement cov»*nng 

was daik brown, hut, perfcetly Jiaul and 

nnattiU’kerl hv the aii«(. 'I'iie eciiieni 

» 

was Iu*ok«‘n I'tK and the surface <>f the 
Unix evlubited the dark-blue c<tlour and 
lustre that it b:ul on leaving the rolls. 
A-t this <‘onting adliere*! so well to the 
MOonlli lolled iron, to which it caiiiioi 
idmiT so tijilitlv as to tile lougher siir- 
fjue <if cast iion, the experiment w'as 
continued i>n a larger scale. A 'Jd-iii, 
dinliarge l^pe in tlie Oeyliausen shal't 
was protected on the iii'-ide with cement. 
The eoating remained unchanged Ibr ‘d 
year*», wdiile the ]tnmp was in constant 
ttperatioii. At the beginning of last 
winter, tho pump was sto}»)ied, and the 
jiipe being no longer innb*r water, the 
<’i*nieut was ko much injured by tlie 
frost that it .sealed olll Several other 
I'xpcMaments were made with similar 
results. The ]iijies slnmbl he new, or, 
if (dd, well cieaiUMl fliilii ru^t betore 
applxing the eement, which is mixed as 
thin as is juissiide without injury io it.s 
tenacity. 4'he is inoislened before 
the cenieut is aj>jtlied, a thin coating of 
cement is put on and allowed to dry; 
wdien hard, it is moistened, and a sectmd 
coating is applied; and so on 4 or 5 
times. The operation caiuu>t he ctin- 
dnctesl Sowell in very hot weather, as 
the cement diies tmt i]uickl\ ; imr niu^'t 
the pipes be e\j»osed*lo liost during 
the operation or afterward, 'fhis uniijr- 
tunate sensitis eness to cold ma}" perlnq's 
yet bo oven'oim; by interposing some 
semi-elastic in^tterial betweei# tlu* iron 
and cement. (Iron.) 

(10) Dr, W. II. Sterling's proecs^i 


9 
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consistB in the iniprcgnatiitu ami satu¬ 
ration of tbti sTructuro of the metal 
with a non“ 0 \iilisinir or nou-oxuli.sablc 
substan<*e, by furciiu; it into the iiitor- 
uellubir sj>aet‘s of the metal by pre.ssure 
wliile the iron ii» in an e.x]Kiniied (‘on- 
(lit.ion, inilneed bv heatiii<;. He irives 
one inetliod by wincit liis Jiiviuition may 
be applied, and wliieh lie I'ceommemU 
as benii^ eminently praetmal ami iisetul. 
A vrsM*l of anv suitable inatenal, of 
sutHenuit strenii^Lli, i^ made in tin* form 
and si/e best adaj>te»l to those of tiie iron 
article to be treated, u ith the Jid so eon- 
stnicted that th(‘ vessel may be closeil 
hermetically: at the bottom, pipes are 
arrange<I f^r couveyinjj steam and water 
alternately, for tlie piirptise <;f lieatinif 
and cooliiii^ the interbu*. Coime< ted 
with this vessel is a fiu*ce-pum(», ftr 
producini; the necessary pressure, and 
appliaiua^s for obtainin'^ a vacuum. 
The iiv»n to he treated is heate<l to the 
desired temjieratuve, placed in the above 
vessel, the top i«, (dosetl hcrinoticallv, 
and dry or superheated steam is turned 
into the ]upes at ih'* bottom, to keej> 
the metal at the req^nred temjieratiirt*; 
also, at the same time, an atmosj»li(*ric 
vacuum is ]»rtHlu(’ed by an ordinary air- 
])iui)p connected witli the (diamlier; the 
projjcr (]uantity, sutlicieut to till the 
vessel, of pure paratliii or parafiin in 
solution with one of the pure mineral 
oils, having been aho previously heated 
t() the re(piired temperature, is now let 
into this chamber and forced under 
pressure into the intercellular spaces of 
the iron, those having so enlarged by 
the exjianhiou of the^ metal from the 
he.it and removal of th(‘ atinosjihenc 
j)res>ure as to readily admit tioi hydro¬ 
carbon pre-iorvative. When the iron 
has remained under this liquid presMiro 
a suflicieiit time, it is gradually (‘ooled 
by turning cold water iust(‘ad of steam 
into the ]»ipes, the pressure being kept 
u}), however, until the iron is cool. 
Certain rjualitics of iron may be treated 
without the atmospheric \’acuum, but 
as the iron expands very much more, 
while grcLier pressure id obtainable by 
its empbfynioiit, and the additional cost 
is not to be considered be recommends 


its use as desirable. (I'nn Nt/strand's 
Mui/azinr*) 

(11) To preserve iron from oxidation 
when exjiosed to the air, ihdgcduiaun 
takes tlie ordinary paints inatle up oi' 
boiled linseed-oil and the oxides of the 
liiMvy metals, and incorporates there¬ 
with in the cold about It* per cent, of 
calcined magnesia, baryta, or stroiitia, 
wlijeli has been previously steeped in an 
equal weight of light imner.il oil. 'J’o 
preserve iifUi from rinsliiig m the earth, 
as, for indaiic^*, or water pipes, 
water tanks, the sides of iron .shi]i.s, Ac., 
he melts H)() parts rosin and *2o of 
gutta-percha in of (laratlin; this 
resinous coifi[iound is then stirred into 
mineral oil, s<» a'? to havi* the cousiMtcio'c 
of paint, witli which ari’ tlien inccpr- 
poratod in tlie (‘old 20 p.irts calcine 1 
magnesia. In place of magnesia, equal 
weights of eaii.stic baryta may he adde<i, 
ac(sjriliiig to eirciimstauces. After the 
addition of the magnesia, the mixture is 
anew diluted with mineral oil until it 
can be iipjdied with a i»rush. To pn'serve 
pieces (if jHilished machinery or other 
article (jf iron or steel, and to be able 
to guarantee them against rust during 
carriage, the coating is composed of 
vaseline, or (»f henvy mineral oils, witli 
the addition of 2U to 150 per cent, of 
calcined magnesia. If the coating is to 
serve only for a short time, instead of 
calcined inagn(}sia, the same quantities 
(tf burnt iiire, marble, or dolomite may 
he used. For packing and covering iron 
articles, such as wire, cljoins, files, 
cloth or pajier may be used, one side of 
which is coated with the las^.-mentionod 
mixture, whilst the opposite side is 
rendi red impermeable by the applica¬ 
tion of a layer of chrnniated glue- 
{Chem, i2cr.) 

(12) In mixing paints for iron sur¬ 
faces it is of the first importance that 
the best materials only should be used. 
Jdnseed-oll is tlie best medium, when 
free from admixture w,ith turpentine, 
A volatile oil like tuiqientine cannot be 
used with advantage on a uonr-absorbent 
surface like that of iroui, for the reason 
th/it it leaves the paint a dry scale on 
the outside, which, liavliig .no col^|fi>ion 
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can be readily crumbled or wa.slied 
away. Linseed-oil, on the other hand, 
is peculiarly well adapted for this jmv- 
pose. Jt does not eva]»orate in any 
pereeptiblc deijree, but t)ie lari^e per- 
<*entau;e of liuolein whieh it contains 
combiues with ftie oxygen in the air 
and forms a solid translucent substance, 
of resinous appearance, which possesses 
lunch toughness and elasticity, and will 
not crack or blister by reason of the 
expansion or contraction of the iron 
with variations of temperature. It is, 
however, remarkably adhesive, im¬ 
pervious to w’ater, and is very dilln nlt 
of sidution in essential oils, spiiits, or 
naphtha, and even in bisniphide. of 
carbon. Another imjiortant advantage 
- of Hnolein is that it exjtands in drying, 
which peculiarity adapts it to iron sur¬ 
faces; siuce cracks, however minute, 
resulting from shrinkages, expuse enough 
of the metal to ntl'ord a i hancc of cor¬ 
rosion, which will sj»i’ead in all direc¬ 
tions, undermining the ])aint and causing 
It to scale oir, besides discolouring it. 
With all its advantages, however, the 
host linseed-oil paint is but pitorly 
adajded to long service as a j^rotection 
to iron surfaces exposed to extreme 
variations of temperature and to all 
kinds of w'oather. Even the continuous 
him of Hnolein, notwdthstanding its 
Compactness and the additional sub¬ 
stance afforded by the body of the jiaint, 
gradually loses its toughness, curls uji, 
and peels off. If chipped by accident 
before it has *i^t its hold on the iron, 
we find, if we carefully examine the 
exposed sp(^ that a thin film of oxide 
htiB formed under it. This fact accounts 
for its diminished adhesion. Iron, in 
uniting -with oxygen to form a rust, 
increases its bulk in proportion to the 
ninount of oxygcu it has taken up, and 
ne<'es.Karily ocimpics greater s|»ace. In a 
word, it kwcHs, and in so doing pushes 
oil from it the paint film, which sooner 
01* later drops* away from it. Tliis 
undermining action of rust is the chief 
difficulty £o be contended with in 
effectually pretftrving irou surfaces hy 
means of paints or varnishes. It is not ■ 
improbable that the linolcifc, it&clf an | 


oxide, may impart oxygen to the iron* 
and thus }irutnote rusting, 'I'his idea 
has been suggested by Prof, Williams in 
a recent trc.itihP on the Mibje<t ; and, 
whilst ])urely speculative, it may ac¬ 
count for the oxidation of iron surfaces 
w’hen to all apjiearame effectually j)ri>- 
terled by a coal of jiaint tliiek ennugh 
and conliiuiouh ciioiigii to exclude both 
air and dam)). In selecting a }iaiut for 
iron, mecbanical adiiesion is a con¬ 
sideration of the first im])ortaiRe. Jii 
tills respect jiaints differ wiiiely; but it 
must be rememl>ere«l t hat in ])ainting or 
varnishing .a metallic surfa(‘e, mecha¬ 
nical adiic*«ii)n is all we hate to de[>end 
upon. With absorbent surfaces it is 
dilTcrent. ]*rof, W'lliiams gives it as his 
opinion, based on observation and e\p(*ri- 
ineiit, that pitchy or bituminous filruh 
are esjiecially eilccti\e as regards their 
adhe.sion to iron: for example, solutions 
of asphalte, or ]>itch, <r petroleum, or 
turpentine. These are also very effec¬ 
tive as regards (‘onlinuity, owing to the 
fact that in drying tliev form fdastic 
films, which }iel<l with the contraction 
and expansion of the iron, and show no 
tctidcncv to crack. If the surface is 
rusty, they penetrate the oxide scale 
and envelope the )»article.s very effec¬ 
tually, in.iking them a )>ort.ion of the 
paint. The solubility of such a filin 
may be counteracted by mixing it with 
linseed-oil. The exivcriment may easily 
1)6 tried l>y mixing about 2 parts Bruns¬ 
wick black with 1 of red- or white-lead 
or litharge. Ked-lead is the best for 
many reasons, if tinely-ground and 
thoroughly mixed/vith linseed-oil. Any 
one of the several kinds of hitumon may 
beuseil; either natural mineral asphalte, 
jtine pitch, or artificial as]ih.nltc, such as 
gas-tar or the residuum of petroleum 
distillation in cases where the crude oil 
has been distilled before being treated 


with acid. This giv*(s a ^cr}’ liard 
bright pitch, which is soluble in **oiice 
run ” paraffin s]>int, and makes the 
base of an excellent chen]> durable paint 


lor ironwork lu^xjioBea positions, uui- 
ing the pjist few years havo*ap}icarcd 
many accounts oi' the preservatixe intlu- 


cnce of paralFin when applied t^ iron 


t 
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Kurfacei;, aud recommending it in all 
classes of ironwork whicli can be treated 
hot. The most effective inode of apply¬ 
ing it is to heat the iron vi rnnio, in order 
to e^cpand it and open its ])ores, when 
paratlin raised to the proper tempera¬ 
ture is pcnirel into it. J«y tills means 
the iron is penetrated to a snllieient 
dcjdh to afford a verv effeidiial ))ro- 
tection against oxidation, espet i.iily 
when a siiitalde paint is snhse^liicntly 
applieh Any ntm-o\iilisal»le ^nhstanee 
wouhl pnthahly answer, hut, paratlin is 
as ciicap as any, and quite as good« if 
not better ; the eveeption as to quality 
being made in favour of some vitreous 
enamel, which, while costing more, 
would certainly he move permanent in 
its results. ]>riished upon the outside 
merely, it is dnuhtful wiietlier paratlin 
would have inindi effect upon tioi iron, 
while it rertainlv wouhl tend to lessen, 
if not destroy, the rnechaniral adhe.Mun 
of a surface paint. There is no reason, 
however, why hndge-work, iron lront.s, 
&:c., should not he trcattMl with paratlin 
before tfiey leave the shops where they 
were niatle, which would greatly sim- 
})lify the problem of their easy and 
economic.il preservation from oxidation. 
Jn the absence of stK'li treatment, a 
careful coating with the paint above 
des<Tlbed will prohalily prove the most 
effectual means of protecting iron sur¬ 
faces. (/twitf/*. Panitcrs 

(i;>) The iron is subjected to the 
action of dilute hydrochloric aciil, which 
dissolves the iron, and leases on the 
surface a pellicle of homogeneous gra¬ 
phite, which adheres'.veil to the surface 
of the iron. The piece to be preserveil 
is next treated, i.i a hydraulically closed 
receiver, by hot or coM water, or, 
better, by steam, in such a manner as 
to completely dissolve aud remove llie 
chloride of iron formetl. Finallv, the 
piece of iron is^ieft to dry in the re¬ 
ceiver, from W'hich all liquid has been 
removed. A solution of india-rubber, 
gutta-percha, or gum-rcsin in essence of 
petroleum, is then injected. On the 
essence btxng evaporated, there remains 
a solid enamel-like coat on the Mirface 
of the iron. Instead of previously 


eliminating the iron salt, it may be 
utilised in forming a kind of vitreous 
onainel. For this purpose, the iron is 
immersed, after treatment xsith the 
acid, in a hath of silicate and borate of 
hoda. A very pure and brilliant silico- 
horatc of iron is forii>,d, wliich closes 
up the pores of the metal. As to th^ 
dLsengagiMl chlorine, it combines with 
tlie flee Mxlii, forming cliloride of .so- 
tliurn, wliicli remains <lissolvcd in the 
liquid. vli/oT.) * 

(l-l) lio\V4‘r-Uarll' jumccss. —Rriefly, 
tins ima'css, as now worked, is as ful- 
Jow.s:—Tlie inni goods, whether rusty 
or not, are, wntliout ]»reliminary troat- 
iiient of any kind, placed in a suitable 
chamber sutUciently capacious to hold 
about one ton weight of contents, and«- 
this chamber is iujated by the com¬ 
bustion therein of carbonic oxide gas, 
]irodurei| near at hand hy several gas 
furnaces, an excess of air over that 
requisite for combustion being admitted 
a]>o into tbc chamber, after having been 
liealtal in its passage through coils ol 
pipes placed immediately underneath 
the operating chamber. A film of mag¬ 
matic oxiile forms upon the immediate 
surface of the iron articles, and this 
appears to be surmounted with one of 
ferric oxide (Fe^Oj) and it is hy the sub¬ 
sequent reluctiouof this substance by 
means of carbonic oxide that tlie coating 
of magnetic^ oxide is increased to the 
requisite extent, hi brief, the exce.ss of 
air jnescnt in one stage of the j)rocess 
seems to form ferric o^de, and wh^u 
the proportion of air present is reduced 
(as it may be at will) so that carbonic 
oxide i.-* jtresent, tlicu the ferric oxide 
becomes reduced to the lower state of 
oxidation, its oxigen contributing to 
the production of carbonic anhydride. 
The time required varies from 3 to 
12 hours, and the magnetic oxide as 
thus formed exliihits a very pleasing 
French-grey or leaden tint. Should 
the colour, however, Ve unsuitable to 
the intended use of the iron articles, 
the more costly metals may be deposited 
ujtoii them. (Kingzett.^ 

, Ib’of. Barff has at various times pub¬ 
lished furtfier UotaiJs of the res^jlts of 
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the process. As to the actiofi on tho 
strength of the iron, bars treated have 
been testcil for hre.'ikiiii^ ond tensile 
striiin, ami the reMill is tint the strength 
of the iron is not artected. The eoatiitg 
gives great liardness tt> the .surfoeof 
^iron, \\ lieu tlu> coating is suniriciitlv 
thick (even less than in.). An ordi¬ 
nary flat rasp will not reinoTc it with¬ 
out great labour, and it resists eiiierv 
j'owder, will for a b»ng time n*Mst a 
rasp, and remove pin’es of steel from it. 
Substances which adhere to inui, /me, 
mid enamel will not aiiherc to it. 
Saucepans in whicli sticky siil>N(aiiccs 
are cooked can be cleaned with the 
greatest case, after thev ha\e been 
oxidised, a simple wipe reinoMiig ail 
• ilirt. A nriual in constant nse for 
months had no deposits *)U it. Water 
W'as evaporated in an oxidised ]»an for 
b W'eekh*—c(»mmor tap water; the water 
ncA’er lioiled, hut was slow ly evaporatc<l; 
the deposit found xvas removetl with a 
dust«^: it did not stick to the iron. 
This is a matter of great importance to 
boilers, and for ]>ipes tbrraigb which 
water is to be conveyed. Articles coated 
can be submitted to a high temjterature, 
even a red beat, without the coating 
being injured or disturbed. At present 
iron wire cannot be lieateJ siiccossfully 
—the wire can be treated and will lupt 
rust, but it cannot be bent to a sharp 
curve without the coating coming oif. 
Riveted iron plates can be most success¬ 
fully treated ; tbe process fight'uis tlic 
nvetsan<l ass*«ts the caulking. Weiglit.s 
were treated for the (loveruinent, and 
suhinitteilg^o tests, and the process is 
now recoiniiiendcd by the dejiartmcnt 
for the standard weights throughout 
the country. l*rof. Uarif has net yet 
met with any Bntn]de of cast iron which 
could not he properly treated. Wrought 
iron requires a somewhat different t»‘eat- 
nient; a lower temperature, about 
!MH)° F, (491^® C.) suits it best, and 
ttteel also. It^ is not w’ell to expose 
articles very difleient ia bulk at the 
same time; all that are put into the 
muffle should^be pretty nearly etpial in 
bulk. For instance, very heavy articles, 
Buc^ as a fiO-lb, weight, should not be 


treated with gutter spouts. Cast and 
wrouglit iron should not be Irealed 
ti»gether. For the chainher at ]U'eheut 
in Use, ii ft. X 2 ft. 0 in , and 1 ft. tl in. 
high, the outlay on fuel f*jr subjecting 
1h».‘ articles within the chamber to 
siijpcrlieated steam for 10 hours is fi.v. 
Ill a inuuuf.ictiiry this cost would he 
great I) rc<iucod. A West Jiromwich 
til 111 . w ork ing t he patent under a royalty, 
iitiorm him that the cost will not ap- 
])riiach that of gaUanising iron, and he 
Mijppit'-es it Will little exceed that of the 
pel iodical tliree-coat paintings. The 
iiuu'easc caused bv oxidutiiPii can be 
c^tln^afed, ami to lit nut and screw' for 
each oilier, allowance must be made for 
tliis ia casting. As to the tn‘afment of 
riveted aiticles, and the danger that 
tlie coating film would he I'emoved, 
llieie I'l some diflicnlfy in this; he sup- 
]H>.ses boilers will he treated in large 
cluimhcrs hen made up. When the 
rivets A\ere hammered or jtressed into 
the jd.ites, the ci>ating i.s removed, ami 
of course these spots would lu' attacked 
by rust. Tiie remainder of the jilatc> 
n.ight be jirotccfed from abrasion; the 
practical diilicnity is to rc-oxidise the 
rivets in situ. To accomplish this he 
proposes to cover the band of rii'ets 
with a juiiiuis cap of silicate cotton, and 
to snbsccjiicntlv re-oxidise that ])ortion. 
Hut even il’ this w'cre not successful, the 
rusting id’tiie rivets would he of little 
jU'actical injury, as it wiuild take so 
many xears to rust through a rivet, and 
the corrosion cmild lupt spread laterally, 
on accmint of the repellent character of 
tho black <txidc. • As to the jiressure of 
steam in the boiler, 40 Ih. is the ex¬ 
treme; but they are obliged to use 
consiilerablo force to effect the double 
object of keeping out atmospheric air 
and to efflcieiitly oxidise the surfaces 
treated. Tho oxidation only jiroceeds 
till the pt^res of th^ iron arc all filled 
up with black oxide; but with very 
thill objects, great caution has to be 
taken, lest they should be oxidised 
tlrvougb. 

(ir>) The iflethod of preserving iron 
by forming an inoxidisahle film or coat 
upon tlic surf.ue lias been tried in 



294 


connosioN asd pROTiccrroN 


Franco, the process a<l<»pteil being 
inodificatioitH *if those ]jatonte(l by 
Barll'and Bower. Aceoriling t<» Krallit, 
Bounbm oiicIom's tlie articles to be }»re- 
served in a cvlinder (dosed at botii ends 

•I 

by ri\eted ]>late5. into one <d' u iiich tlie 
stoaiii siij)ply |•l)^e enters^ while tlie 
other U »upplied witli (»pcnings. Into 
one of these a therinonieter is fitted; 
tile second supplied vvitli a stopciick 
through which to allow' the water cuii- 
denseil to run otf. This inn>t In* done 
frequently, as tlie .steam imi^t he as dry 
as pos'^ihle. dV the third is fitted an 
esc^ipf'-valve for the bteain, 'i'he most 
favouralde e(»nditi(nis for success are the 
ft)Uowing:—The pressure must amount 
to 12 or atniosplieres, the temjK-rature 
must he from 0‘JtP to VA4P F. to 

(h), and 5 hours must be allowed 
for the coni|>letiuu of the operation. A 
cos'uiing of a greenish-black colour is 
obt<uiied, wdii(Ji aiiheres ririnly and is 
perfectly stable. Tlie cylinder is placed 
in a sort uf oven, maintaining its shell 
at about F. The tiicr- 

mometer, plungefl in the steam of the 
interi4>r with its registered part pro¬ 
truding so as to allow' observations, 
showed, however, only (>44° F. (;54(i° V.), 
If the current of .steam is stojtped, the 
thermometer will alino.st instantly rise 
to 9o0° F. (500° (k). The coating is a 
perfect success; rare must, how'ever, be 
taken that, no parts of the articles are 
soldered together by tin soMer, as the 
latter melts at 44‘J° K. Kven 

if the counet^iion remains int:i('t, there 
will always he a few miniito globules 
of solder detached avd stains (caused. 
(Copper must he used'iustead. Jn fur¬ 
ther following up his c.\periment.s. 
Bourdon conceive<! the idea of replacing 
the steam by hot air. He proceeded as 
follow.^:—A coil of pi|ie communicating 
at one end W'ith the open air ascends 
gradually through a reservoir heated 
to 248° F. (120°\!.), whence it enters 
the cylinder in which the articles to be 
operated upon are enclosed. Thi.^ cylin¬ 
der is identical witli that used for steam. 
The esca|>^valve leads iato a tank con¬ 
taining water, permitting a better regu- 
Jatioii of the air current. This must 


pass very .slowdy. The interior pressure 
is but a little above one atmosphere^ as 
tlie apparatus communicates with the 
open air. Tlie temperature of the air 
ill the cyliinbT is F. (280° C.); 
the tunc consumed, 5 hours. A layer 
7-in. ill thickness is c/itained, capable 
of resisting the action of emery-paper,‘ 
and unalfocted by dilute sulphuric acid. 
The layer jiossesses a line griMuiisli-hlack 
C'diuir. To ensure perfect success, the 
articles must be suspciidetl completely* 
free. After removing tliem from the 
apjtaratus, they are rubbed with jn 
greasy clotli; stains, if any, are removed 
w'ltli emery-paper or iron-dust. It has 
been found that with an elevation of 
temperature under j>re.ssiire of one 
atmosphere a very thick layer is ob-. 
taiued, which, bow'ever, scales oil'easily. 
The adherence is, therefore, a ({uestion 
of temperature and not of pressure, as 
was formerly snpjiosed. Those jiieces 
coated by hot air were for one month 
e.\)>osed to the weather without ^being 
atta(dvcd in tlie least. On removal of 
the exterior Idack rind, a grey layer is 
(iiscovere^l below the same, which to 
home o.xtcnt becomes rusty on exposure. 
The rust, however, docs not adhere as 
on metallic iron, but is easily removed 
by scraping with a piece of wood. This 
fact also applies to articles coated by 
steam. ].ast June, Bourdon tried the 
jirocess on 400 rifle barrels at once. 
Similar trials have since been made, 
showing th'! practicability of using it on 
a large scale. The priiic^>nl point is 
obtain a current of air bufliciently 
abundant to secure a proper thickness 
of the layer, but of a circulation slow 
enough to allow the air to act on the 
irtin. The French (lovernment has 
already adopted the process at some of 
its arsenal manufactories. 

(] b) A process of painting, as a substi¬ 
tute for galvanising, has been invented 
by Neu jean and l>elaite, of liege. It is 
specially intended for objects of large 
dimensions, which cannot easily be 
moved, and therefore cannot well be 
dipped into a bath of melted zinc. The 
zinc, when finely [lounded, is simply 
mixed with (ul and siccative. In/his 
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way a varnish is obtained, is ap- 

with a brush in tin* usual manner. 
A sin I'll' layer is sulhcient, but two are 
prelbrable. The coated ojyects can be 
irft as they are, or bronzed and painted 
as rtupiired. 

(17) An ant^-corrosion paint for iron. 
If 10 per cent, of burnt nnu;i)e.sia, or 
even baryta or strontia, is mixed cold 
with ordinal y linseed oil ]taiut. and tln^n 
enouf^h mineral oil to envelope tlie alka¬ 
line earth, the free acid of the jniint 
will be iientralisej, while the iron will 
die protected hy the peniiaiient alkaline 
action of the paint, iron to he buried 
in damp earth may be painted with a 
mixture of 100 parts of rosin (culo- 
plumy), 25 of i^utta-percha, and 5U 
of paraifin, to which 20 of magnesia and 
some tnineral oil have been added. 
{Neiw^tt' JCrfind,} 

(IH) A simjde and economical way of 
tarrint^ sheet iron pipes t<t keep them 
from rusting is the following:—'file 
sectifUiK as made should he coated with 
coal tar and then iillefi wdth liglit wood 
sliavings, and the latter set on lire. 
The clleet of this treatment will be to 
render the iron practically |>roof against 
rust for an indefinite period, rendering 
future painting nunecessary. In jiroof 
of this assertion, the writer cites the 
example of a chimnev of sheet iron 
ere(‘ted in 18U0, and which, through 
being treated as he descrihes, i'* as bright 
and sound to-day as when erected, 
thougli it has never had a brushful ot 
i^iaint appHe >>0 to it since. It is sug¬ 
gested that by strongly heating the iron 
after the^iir is laid on the outside, the 
latter is literally I unit into the metal, 
closing the pores and rendering it rust 
proof in a far more wnnplete manner 
than if the tar itself was lirst made 
l*ot ;ind applied to cold iron, according 
to the usual practice. It is important,oi 
course, that the iron should not bo made 
too hot, or kept hot for too long a time, 
lest the tar sltould be burnt off. Hence 
the direction for the use of light shav¬ 
ings instead of any other means of 
heating, (^Ohs Liffht Journal.^ 

(19) Crace Calvert some years .ago 
dr^v nttmtion to the fjbt that steel 


after immersion hi caustic soda or 
caustic potash is preserved from lia- 
liility to rust. This a])pareutly valuable 
iidbrmation iloes not seem to have been 
acted upon 1 >y cbnuiometer inakeis and 
Olliers, to Avlioni any method of secur¬ 
ing iminniiity from rust would be of 
considerable service. Balance springs 

for chronometers have been occasionallv 

% 

coatcil willi collodion, but the thick¬ 
ness ami rapid decay of this film iuter- 
fcrc'j with the timekeeping of the 
chronometer, and is therefore objection¬ 
able. On in(|niring of one chrono¬ 
meter maker, we were told that hi' had 
treated sitine sjinngs with caustic soda 
at tile lime Calvert published his work, 
and tliat these sjirings ivere still free 
from rust; but as they had not been 
exp(»sed to damp with other springs not 
so treateil, he was unable to deduce any 
opinion as to tlie advantage of tbe pro¬ 
cess. So it is generally, Bractical men 
are coutiunonsly occupied with their 
work, and have unfortunately no time 
for experiments, though tbe\ suffer day 
after day from nn evil tlie removal of 
which is jirobably witliin tlieir grasp. 
{Mcchimit itl IV'o/v^.) 

( 20 ) To jirescrve iron from rust in 
Ceylon jt requires to be lii>t well 
scraped ami cleaned; and if for outside 
work, such as bridges, roofs, girders, 

it should be well coated with tar 
paint. The following receijit will be 
found to answer well, viz, coal-tar 
0 gal., slaked lime l.> lb., turpentine or 
naphtha 2-3 qt. The use of the lime is 
for neutralising the free a<‘id in the tar. 
This paint is vcjy liuid, and well nda|>- 
ted for roidin^ galvanised or bkek 
corrugated iron, &c. 

(21) At Port Chester, Pa., pipes 
have been treated by a new process, 
which is said to have advantages over 
tlie Ph* wcr-Barlf process, Ibiupt de¬ 
scribes tbe plan as ^'olloW's: After the 
jiipes have been low'ored into tbe retorts 
by means of a traveller, the retorts are 
closed for about 15 minutes until the 
contents arc heated to the proper teni- 
jiorature, Sfciim from th» boiler at 
00 lb, ]>ressure is then introduced into 
the superheater, which it traverses, and 




from which it cs(*a|wN at the toinpr^ri- 
tiire ot‘ tlu‘ imn, iiptm which it fur 
nl)Out (MIC hour. A yncasurt^ l (iiiantity 
of some }iv<lr(»carhou a<iinitte(l 

^\ith a jet of" steam, (oJ1i»vvihI ajjaiii hy 
u fixiio^ hatij of soperheatc'l steam, 
which coinph’tes the pnicess. The 
absence of pressure ami of explosive 
ijases is a proof that all the opera- 
toms liave l»een iioa-lv ie«^ul.iteii. 


the case of tar and tar prodiu’ts, both 
of w'hirli are liable to contain small 
fjuaiitities of acid and ninmoiiia salts. 
If rare is taken it# tdiminate these, and 
if it C(»ulii he contrived to always apply 
tlii.s (boss of pmleetivos hot to warm 
j iron, the (pie.-itiou of jfroteetiori would 
I be ]>raelirally solved; bitumimuis and 
I asplialric substances forming an enamel 
' on the Mirtace of iron uhicli is free 


and that a ])ei'fect .distirption and unmu 
id‘ the carbon, <»\Viren, and h\dr(^oi*n 
the iron has lieeu clleided. 'J’lie 
proti*ctioii is said to lx* a real cmiversion 
of tile metal to a certain depth into a 
new niaterial. There is no enatm*^ that 
cracks <ir can he <lcstroved by bcudmi;, 
hammering, rollinj^, or licatiiio- 

(‘J'J) Too much stv'ss cannot be laid 
uj)ou the condition of the surface of the 
iron at the tiin#* of coataii;; and it is 
]Mirfectly essential either tn have a dry 
surface <»r else a c’ompti'.itiou wlinhis 
not alTeclcd liy water. Prof. Le\v«‘s 
remarks that when an olcl iron structure 
is iirokuu u[), on the liacks of the ]dates 
may often le* st-en the nundicrs }»ainted 
on them in white lead and linseed oil 
when the W’ork w'as put loCTether, and 
under the jiaiut the inpii is in a jpcrfect 
state f»f preservation, the secret bein.; 
that tlie paint was out on wdiile tlie 
plates w'cre liot and dry. 

Comjtounds jU'epared with boiled 
liuseiMl oil are open to ohjection, on 
account of the presence of lead. The 
dr\ini^ of ladled linseed oil is due to the 
fact of its eont.iininj' a certain ijnaiitily 
«d' an organic coinpound of liMtl; au<J 
the drvine ])ropcrty is, moreover, im- 
parte‘1 l>y IxtiJini; it witli lithai-'^e (oxide 
of lead), so thai. lead com]ioinKls are 
pre.sent even when the oil i-. not mixed 
with ]*ed or white lead pii^meiit. When 
boiled oil dries, it does so by absorbing 
oxygen from the air, and becomes con- 
xerted into a kimt of resin, tlie acid 
properties of winch also have a bad 
elfect upon 12 * 011 , Protectives of the 
class of tar and its d<*rivativcs, sucli as 
jiitch and black varnish, and aKo asphalt 
and inineit I wuixes, ar€ regarded by 
Prof, Lewes as among the best. (Vrtain 
piecantlous, howexer, liunt be taken 111 


iroin tlm olijectmns to b<* v.iised against 
all other pi'oteclives—that is, of lieing* 
microscopically porous and therefon? 
]>ervi(tus to w.iter. Spiiit or najihtha 
varnishes are condemned by l*rof. l.exves 
asopeut(» scver.il objections. Varnishes 
(o xvhich a hody has been given by some 
pigment, generally a metallic oxide, arc 
]H'efriMbii* to the last <dass, if tiie solvent 
iisi.sl not too rapul in its evaporation, 
and if rare has been taken to select 
substauees which <lo not themselves act 
injunously upon iron, or upon the gums 
or resins w*bich are to bind them to¬ 
gether, and are also free from an,v iin- 
puritie.s xvhic.h could d*! it. 

At the j»reseiit time, as the author 
truly remarks, the favourite substance 
ibr this purpose is the red oxide of iron; 
but care slioiild be taken to cxcliido 
iVoiii it free sulpliuric acid and soluble 
‘'”!i»iiatcs, whi< li are common impurities 
and extivmely injurious. The tiae»t 
coloureil oxides are, as a rule, the xvorst 
odeiiders ill this ]*es]>ect, as they are 
I made f)y lie-iting green xitriol (sulphate 
of iron), ami in most cases the whole ot 
the .sulphuric acid is not ^driven ofl^ thvi 
lieat required being injurious to tlie 
I colour. The acid is often /leutralised 
I by washing the (»xido with dilute soda 
I solution; but very little trouble, as a 
, rule, is tiiken to wash it free from the 
i resulting suljihate of soda, which Ls left 
in the oxide. The best form of oxide of 
iron \o use for jiaint making is obtained 
by calcining a good spocimen of hema¬ 
tite iron ore at a high temperature* 
When prepared in this way, it contains 
no sulphates, but a proportion of clay 
which is luirinloss if it does hot exceed 
]>pr irent. ]*ninM makers can 
easily test their red oxidi* fitr soluble 
sulphati»s by^warming a little of it 'ftith 
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))nrc water, filterinjr, and adding to the 
ideiir sedation :i few drops of j)ure hy¬ 
drochloric aci<l and a little chloi’idc of 
hiinuin solution. If n wliite sediment 
foniib in tlie solution, the sainj»le should 
[)t* ril euicc reject eel. 

, In the applAation of a jireserv.itive 
coatim: to iron, Pr<^f, Lewes direct'^, 
iirst, thorougii scrajiing an<l scnihhiiig 
from all non-adherent, old paitit and 

^ rust. New iron •sjioiild he ]>jekled with 
dilute a( id to get rid of e\erY tja<*e of 
mill sjale; the ari<l to he neutralised 
iil'terw.'ud hy a slightly alkaline wash, 
and this again to he washed oil'liv clean 
water. I’lah'r tliesi* (‘oieiitions, and 


(2.'i) For several years, G.W. Gesner, 
of New York, lia.s been experimenting 
witli a ]>roeess for giving articles of iron 
ainl steel a rust-proof coating. Plant 
ha.s betui establi'^lied at Soutli Urookl\iu 
whicb has fieeii in operation for some 
time par.t. The accoinjianving illustra¬ 
tions, Figs. 2GG, 207, and 26^, show^ its 
<i>iKstruciion. It consists substantially 
of a iieiich of two ordinary gas retorts 
plaeed side by side in a furnace heated 
by a grate. Kach retort is heated to a 
teiujjerature ot 1000-12oa*' K., as may 
be determined by the character of the 
articles to be treated. The latter are 
introduced by means (jf a crane and 





Gesner's rust-pruoflng furnace. 


given a composition of good adhering pulley, care being taken that they do 
properties, but little a]>prehensiou need not touch one ationier. After closing 
be felt with •regard to the ravages of and testing the retort, the lieating con- 
eorrosion, the chief remaining risks tinucs for about 2l) iiiiiiutes. 'Iheii 
being from abrasion or other mechanical steam is introduced into what Gesner 
injury to thf composition, coupled witli. calls a “ hy(frogeii generatMT,” shown iu 
improper contituents in itself. {Scient Figs. 267 and 268. Jt is a simple pipe, 
• I o]tcn at the rear end. Gesntr claims that 
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in thepasRage of the Rtciim thvousrii this J pint of naphtha is permitted to flow 
vi‘nerator hydroj^en is generated, wliicli into the retort for 10 minutes# The 



rjosner’s rusUprof^fing furnivce. 



(Jcsner'ft rust-proofing furnace. 

fills the retort. This operation goes on I flow of bydroearhon is then stopped, and 
for 35 minutesi at the end of whit^h time J the steam wlf'ch has been allowed ^to 
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outt‘ 1 ' thft jfttnerator during the whole 
o{>erati<iii is continued for It'k minutes 
longer. The whole time emj)loyed in 
the operation is therefore 1 hour and 20 
uiiuutes. Tile purging-}iipe/’ which 
iij])S into an open vessel of water, as 
hiiowii in Fig. 2%t>, to the depth of 1^ in., 
carries otf any c.vccss of gase.s proiliu L'd 
in the ojieration. In cases where articles 
treated an* ornamental, such as art 
liaidware, they aie given a hath of 4‘old 
* ulialc oil or parallm ml to render them 
more even in tone. In other articles no 
jtil is Used. The plant now e->tabhsheii 
.it Soutii l>rookl\u IS lated at a e.apacity 
of 0 tims per day of boiler tubes 7^ ft. 
long, or 2 tons ol ornamental lianiware, 
tiie rate of production of treated goods 
de])ending upon the time roi^uired for 
handling them. The average c*ost in 
America of fuel jier day is reported hy j 
tJesner to he T/J., including coal for the 
holler. 

'fo siihstautiate his claim that hydro- 
gen^ias a function in the creation of a 
iMst*ju*oof cootiiig, Gii^ner quotes the 
folio^^ing analysis, made hy ytiUmaii & 
td.iddiug, ol‘ New York, of a sample of 
the surface of cast iron jtrepared by the 
jirocess; Carbon, I'01 per cent.; hy¬ 
drogen, 0*22 j)er cent.; sand, 0‘70 per 
cent.; and iron, 06* 10 per cent. The 
chemitit.s add that tlie iron is jireseiit as 
metallic iron and as oxide.s of various 
constitution. 


and returned tlie remainder. The tests 
were made with a 200,000 Ih. OLsen 
machine, and the measurements with 
brown & Sharp’s micrometer gaugi*s, 
aii<l are believed to be accurate. 

Tiie jiicccs M ere ganged both before 
' and after treatment, and showed no 

t ^ ' 

I change. 'J'lie tesU show practically no 
: cllect whatever u}»on the ir<m, with the 
I exception of a slight, dec^ea^e in the 
eloiiLtation. As the reduc'tion of area is 
I not tnlly ascertained, it is impossible, 

. without furtlier evidence, to sav whether 

« 

1 or no the dmqilitv is atlected. At aiiv 

• m 

! rate the ductility being so low, tliis 



uouhl be of comparative unimportunce 
in atl’ecting the value of the metal. The 
steel is benefited. Tlie annealing under¬ 
gone lUiriiig the treatment lias softened 
it to some extent; it luus lost about 5 
jier cent, iu strength lint gained ]>er 
cent, in ehtngafum. This metal origi- 
nallv would not have (“oitte up to speci- 
tications, being insntlicient in stretcli. 
'I’he treatment has not reduced the ten- 
.sile strength below the assigned limit; 
at. the same time it has brought the 
elongation up to requirements, J’iecos 
of both iron and steoi were bent cold to 
an angle of without showing any 
frai ture or scaling of the tre.ited sur¬ 
face. 

'i’he following arc the results of the 
tests:— 


lu order to determine whether the 
treatment hail any adverse ellect upon 
i the strength and resi.'^tnnce of xvrought 
iron and steel suitable for boiler, shi]>, 
and bridge pnr|>oses, u series of tests 
were maue by B. II. Coffin, in cliarge 
of the testing de]»artineut of Henry 
Warden, Oerniautown .Junction, Phila¬ 
delphia, Pa. We quote as follows from 
tiiis report:— 

“ test pieces of iron were out from 
a single jdate J in. thick, and U more 
similarly from a » in. steel plate. These 
were machine! to suitable sizes for the 
standard 8 ih. test piece, giving a section 
of about*9*71 sq, in. for the iron and 
sq. in for the steel. Three of 
oaeh of these sets were forwarded to 
Gainer fop treatment, wl^o retaintnl one 


luox 


KIntiKiUl' 1. lUillK t 
iX‘r uf Ai4‘ 


Untreated ^ 


12'9 

ll'C 


Ticub'd 

Ri’KKI.— 


8-4 

•li-O 


ia*4 

11-6 


Untreated ^ 
IValcd..^ 2 g’o 


4ys 

40- il 

41- 9 


I himnto 
StlOHA. 

4r>,04u 
.Tl,7r>0 44,H80 
a:i,740 42.S2U 
aa.iiiu 4&.770 

41.9l>a 

4:(,(ir>o M),i2o 
Ml, 050 

a?,aU0 55,220 


A large variety of Iron and hteel 
goods have been lilreaiy treated in 
quantities hy the South Brooklyn Bust 
Proof Iron ami Steel Works, among 
them being builders’ and art hardware, 
roofing fihiniflos, stove fitty^gB, pipe and 
pipe fittings, parts of water meters, 
stenin railiators, pistols, and other 
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articles. The colour produced is a dark 
blue. {Iron Age,) 

(*24) Some machinery' makers u^e a 
kind of thin black japan for preservinj; 
tlie briojhtness of polished parts. Some 
months ai;o the wnter was in several 
works of Lancashire toolmakers, .an*l 
noticed this black materia) in use. It 
is easily laid on with a bnisli in the 
same way as paint, and is very readily 
removed at any time with a rag soaked 
in turpentine. It does not attack the 
metal, as the aci<l from fats is so liable 
to do, and has the great advantage of 
being mucli more cleanly both in use 
and appearance, being j)erfectly ban! 
uiid dry, and thus allowing the ma¬ 
chinery to he handled, whlcli, in pack¬ 
ing for railway transit or shipment, is 
very important. In many cases a great 
deal of the ordinary white-lead ami 

m 

tallow is nibbed oiT in the packing 
operations, and the object s<mght by its 
application is thus defeated. A good 
substitute for such mixture is very de¬ 
sirable, and the subject is worth the 
attention of engineers and machine 
makers. (T, T.) 

Lead. —Soft water, especially when 
full of air, or when containing organic 
matter, acts upon lead in such a way 
that some of it is taken up in solution, 
and the water is ])oisoned. Vitiated or 
impure air acts upon lead in a somewhat 
similar manuLM*. Pure water, not con¬ 
taining air, does not act upon ]mre lead. 
When the water contains much oxygen, 
the lead is oxidised ; and oxide of lead, 
a highly poisonous substance, is to some 
extent soluble in water. If tliere is 
much carbonic acid pruCent it converts 
some of the oxide into carbonate of lea f, 
which is almost insoluble and therefore 
comparatively harmless. The waters 
which act most upon lend are the purest 
and most highly oxygcimtcd, also those 
contai n ing organ ic matter— nit ri tes, 
nitrates, and chlorides. The waters 
which act least upon lead are those 
Containing carbonate of lime and phos¬ 
phate of lime, in a less degree sulphate 
of lime. Sf^me of these f«rm a coating 
otk the inside of the pipe which protects 
it from further action. Some vegetable 


substances contained in water, peaty 
matter for example, also ]>rotect the 
pipe, by forming an internal coating 
upon it. It aj)])ears therefore that hard 
waters, containing (as they generally 
d<») carbonate of lime, do not readily 
atfi-ct lead. Soft watefs, such as rain . 
water, and water obtained by illstilla- 
tion—water p<dluted with sewage- 
water in tanks having a muddy deposit 
—may all become poisoned when in ^ 
contact with lead. Tlie mud of several 
rivers, even the Thames, will corrode 
lead, pndiably from tiie organic matter 
it contains, but it does not necessarily 
follow that any lead has been dissolved 
in tiie water. Hits of mortar will also 
corrode lead. Vegetables and fatty 
acids arising from fruit and vegetables, 
(dder, sour milk, &c., also act upon 
lead. 

(1) Prof. Emerson Reynolds has de¬ 
scribed a process for tlie protection of 
lead against.K'oiTOsioTi, which is done by 
coating it with a film of sulphid^e of 
lead. He recommends the following 
method:—^Take 4 dr. solid caustic soda, 
dissolve it in 3^ pints water, and add 
to the liquid 4^- dr. nitrate of lead, or 
an equivalent of other lead salt, with 
62 11. dr. water; raise the temperature 
of the mixture to 194® F. (90® C.). It 
suilicieiit lead salt has been added, the 
liquid will remain somewhat turbid 
after heating, and must then be rapidly 
strained or filtered through asbestos, 
glass-wool, or other suitable material, 
into a convenient vessel.^ The filteredn. 
liquid i.s then well mixed with 25 ti. dr. 
hot water, containing in solt^tion 1 dr. 
sulpho-urea or thio-carbamide. If the 
temperature of the mixture be main¬ 
tained at about 158® F. (70® C.), dej» 08 i- 
tion of sulpliide of lead or galena, in the 
form of a tine adherent film or layer, 
<]uick1y takes place on any object im¬ 
mersed ill or covered with the liquid, 
provided the object be in a perfectly 
clean condition and suitnble for the 
purpose. When the operation is proprly 
conducted, a layer of galena is bbtained, 
which is so strongly adherent that it 
can be easily polished by means of the 
usual leather polisher. It isjiotneois- 
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sary to deposit the galena from hot 
liquids, but tlie de|»osition is more rapid 
than from cold solutions. 

(2) Dr, I’c'Tcy uhserves that in the 
collection of the Muscuiu of Practical 
(ipulogy, in London, is a number of very 
thin sheets of ^ead, coated with hands 
' of vari<‘<l and extremely hriijht colours. 
Although the atmosphere has had free 
access to these sheets for about lU) years, 
the colcmrs are a.s bright as they were 
* at lirst. The sheets were pr«*j)ared at 
Deaumont’s binclling works, by tlexter- 
/tusly skimming in the jtrocess of de¬ 
silverizing lead by PaltinhonV prix^ess, 
’J'he colours are certainly caused by 
excessively thin tilms of oxide of lead 
of x'ai'ious tliii'kness. 

('0 internal bituminous 

coating is saul to be successful. 

(4) Ihdlmg for ]«'j minutes in a stdu- 
tion of sulphide of soda, by whi(‘h the 
Mirfaeo becomes c<»atcd xvith a iilin of 
sulphide of lead, insoluble in W'ater. 

Silver. —(1) To prevent silverware 
from tarnishing, it is only necessary to 
brush it over with alcohol in wJiicli a 
little collodion has been dissolved. It 
dries immediately, leaving a thin trans¬ 
parent invisible covering on the silver, 
which can be removed at any time b}' 
dijtping the article in hot water. 

(*2) Silver paper. This is not the 
thin ephemeral-looking paper which the 
French are fond of calling 
ntfu, but a product discovered by a 
thu’inan ])harinacist, and used, we are 
ttold, in some of the large towns for pre¬ 
serving silver*from tarnish of all kinds. 
t> parts ^diiiary caustic soda are dis¬ 
solved in*udicient water, and the solu¬ 
tion is diluted to 20° IL To this solu¬ 
tion 4 parts oxide of zinc arc added, and 
the liquor is boiled until this oxide i.N 
dissolved. Siiffioient water is now added 
to bring the solution down to 10° H. 
Thin paper or calico soaked in this solu¬ 
tion and dried will effectually preserve 
the most highly jKilished silver from 
the tarnishing action of sulphuretted 
hydrogen, which is contained in ap¬ 
preciable qiaantities in the air of all 
densely-inhabited localities. Several 
j'girnals hax-e mentioned^ this prepara¬ 


tion, but the exact manner of carrying 
it out is that given above from llic 
German periodical in which it ap}>cared. 
It is evident that not only silver objects 
may be j>reserved by this <levice for a 
considerable time, Imt scientific iiistru- 
ineuts nnnle in otiier metals might be 
pTutected also during a long journey'by 
sea or land from tlie oxidising influence 
*d‘the dam}» air. All that is necessary 
is to wrap u]* the articles comjdetely in 
ihe ]Ki] 'ei, so that no external air can 
ciuiio in contact with them. (Iiurgnvne.) 

Zinc. —I )am]> air soon attac'ks zinc 
surfaces, hut form-^ a film of oxitle which 
arrests furllier corrosive actum. Should 
the air, however, contain acid va|)iuir.-., 
as it does in towns and near the sea, it 
is rapidly destructive. Soot is very 
injurums, forming a galvanic co\i]»le 
xvith tile zinc, excited by ihe acid and 
W'atery vapour of the air. In contact 
with cojqier, iron, and lead, espei i.iliv 
111 the pn‘sence of moisture, voltaic 
action is also set u]>, and soon destroys 
the zinc. This metal is also much 
affected by lime, even in the form of 
chalky water ,■ and by all aeids, or¬ 
ganic lud excepted, Iience it should lud 
he joined to oak uor placed where urine 
mav reach it. 


Pumps and Siphons 

(iv. 87-108). 

Pumps. Ari<i ,—Although this de¬ 
vice, in slightly ditfercut forms, has been 
in Use for some time, yet the con¬ 
venience of ihe modification shown in 
Fig. 2fi9 maya render it w'orihy of 
description. A B 0 are 3 glass tubes 
jKissing through the rubber stopper 1>, 
A and B ending just below^ the stopper, 
and C reaching to the bottom of the 
bottle. To B is attached a double- 
valve rubber bulb. A i** so bent that 
while the bulb is tflasped in the hand, 
the thumb can easily be held over the 
open end of A at H. Acid can then be 
forced out through C, and the flow may 
be checked ^stantly by iremoviTig the 
thumb from H. The left^and is thus 
left free to hold under C the vessel into 
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Vv’hich the acid is to flow'. A j^lazed 
earthenware dish is ]>].ired njmii the 
table mider C to catch the diiitpini^s. 
For the use of lars^e classes of heiriiiners 
ill pfcnoral chemistry this apparatus i.s 
1 ailapted, sin<'e accidents resiiltin^j 
from careless handling are rendered 
almost imjpossible, and both acid and 


stoneware, plunger and valves also being 
of this material. The valves and Beat¬ 
ings are easily accessible bv removing 
the valve-box covers, and the lift of 
the valves is a^ljustablc. In case of 
injury to any portion of the pump, it 
can be replaced at a sttiall cost. Tlie 
pumps are nia-ic in sizes to lift 240- 



270. 



Stoneware acid pump. 


time are economised. The same device 
may be used for carboys, the tube C 
being extended upward, so that an 
acid bottle may stand on the box beneath 
it, and H being kept closed hy a piece 
of rubber tubing and a pinch cock. 
(L. M. Dennis in Amcr. Ckcin, Jour.) 

Doulton and Co., of Lambeth, have for 
some years past devote^l special atten¬ 
tion to the subject of stoneware pumps 
for acids, ami have tpared no cilort to 
produce a thoroughly ellicient and re¬ 
liable apparatus. The oiiginal design 
has been greatly modified, and the 
present pattern shown in Fig. 270 em¬ 
bodies all the imjjlovemeiits suggested 
by many years’ practical exporience. 
Kach punqs before being supplied, is 
put into actual work with a 30-ft. head 
of water an4j,testti<i as to e^icieiicy, and 
so to ensure satisfactory working. They 
are strongly constructed of acid-propf 


2000 gal. per hour. They appear to be 
giving great satisfaction. 

Watrr ,—Thii article will treat of 
the combined application of two natural 
forces to the elevation of water. These 
forces are : first, the heat of the atmo- ^ 
sphere; aivl second, the Comparatively 
low teinjjeraturo of the water to be 
raised. Fig. 271 shows the g*tnera1 ar¬ 
rangement of an apparatus w'orked on 
this ]tnnciple. This apparatus has been 
built at Auteiiii, where it operates very 
well, although the French climate is 
not favourable to the operation of such a 
device. 

F is a small building covered by a 
roof K, which is exposed ^o the south, 
and this roof is formed of 10 metallic 
plates, which are numbered 2, 3, d>, 
5, 6, 7, 8, 0, 10. Each of tthose plates 
consists of 2 sheets of iron riveted to¬ 
gether on all their edges, and separated 
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slightly by filling pieces. Each ]»lato 
thus constitutes a water-tight n'ceptucle, 
in wliich a volatile liquid can be Iichl. 
Various liquids can be used, but |)re- 
ference is given lo a solution of aniTnonia, 
Under the intiuenre of atmospheric heat, 
the Miiution emits vapouiN, and tliese 
vapours or gaso'* escape througli tnla^s, 
one of wliich is provitied for each plate, 
and are conducted to the receptacle N, 
Any litjuid which may Imve been carried 
along by the gas is taken back t<» the 
jdates by a tube, liy another tube the 
gas escapes from the vessel N. Tliis 
gas has a jircssurc of 1, 2, or o atmo¬ 
spheres, according to the work which is 
to be done. It is couduetc*! throngli a 
tube a hollow sphere, which is placed 
in the well or tank from which the 
water is to he elevated. This sphere 
contains a rubber diaphragm, whhdi can 
attach itself to either half of the sphere. 

J^et ns suppose, for instance, that the 
.s])here full of water; the rubber dia- 
])hragm, consequently, will rest against 
the u]»ppr half or hemisphere. If, now, 
the jiressiire of the ammonia gas is 
brought to bear on the diaphragm, it 
will be forced to rest on the lower 
ncmisphere; but iu order to do this, 
the diaphragm imist eject the water 
which fills the sphere. This causes the 
formation of a jet of water, as shown 
above the tank R near the letter G. 
But the gas nlu^t lie driven from the 
Sjihore after it has been emptied <»f 
water, m that the operation may be 
renewed. Thi.s is accomplished m the 
following manner : In tlie centre of the 
diaphragm a float is inserted, which 
carries a rod by which aj'.dido is actuated. 
One of the apertures in this slide co¬ 
incides with the gas inlet, and the other 
with the outlet. Wlicn the diaphragm 
rests on the upper hemisphere the inlet 
is opene<I, and the water escapes; when 
it moves toward the lower hemisphere 
the inlet is closed,‘the outlet is opened, 
the sphere is filled with water again, 
and so on. 

This would complete the operation if 
the ammonia gas did not (^st anything; 
but os it IS expensive, it must be used 
over and over indefinitely. Here we urc 


aided by the low temperature of the 
water, which is made to pass through a 
serjientine jiipe iMmt;une<l in a Avater- 
tight vessel containing ]»art of the 
ammonia solution used. Tlie solution 
is cooled by the water in tlic pipe, and 
is ready t4) absorb niui^onia. Then, as 
soon as the outl*-t is opened, tlie am- ' ' 
monia gas conducted into it is absorbed, 
the pressure wliich w'as exerted in tlie 
sphere is removed, and water can again 
enter the sphere. A final ])recaution is ' 
taken, winch is to attach a little ])uni]) 
to the float, bv means of whicli the 
ammonia solution <'an he pumped hack 
into tile nx^f E. 

The apparatus at Auteuil raises 
over dOO gal. of water ]»er hour. In 
warm countries, the same apparatus 
wouM raise 702 gal. a dist.nnce of 05 ft. 
*fhe calculation of the results to he 
obtained by tins apparatus is based on 
the lollowing consideratums: 

A sheet of metal 1 yd. square absorbs 
11 calories for a difiereiu’e of 1^0. Eacli 
|datc which lias a siirfiice of 4 sq. yd. 
absorbs 44 calories ]»er hour. If there 
is a dilTercncc of (>”, 2<14 calories will 
be taken from the atmosphere every 
hour; and by combining this quantity 
of heat with the cooling action of the 
water, it is easy, by the diflcrcncc of 
tension jtrodnce l, to obtain an inexpen¬ 
sive force for raising water. 

This a[>p:natus differs from the nu¬ 
merous devil O'! by wliich attempts have 
)»eeu miulc to utilise solar heat hy means 
of the Archimedean mirror, by whicli^ 
only secondary heat is o*l>tained. It is 
not necessary to concentrate the heat by 
metallic or otlier inirrurs; file atmos¬ 
pheric heat is the basis of the 0 ]>cratioii, 
and all roofs exposed^ to tlie siin can he 
used for tliis purpose. In this manner 
a valuable inotivo power can be obtained 
in warm countries without loss of room. 
Generating plates, such as described, can 
he ap]diod to any rot>f, and if we con¬ 
sider, that with only K) such plates 
702 gal. can be raised 65 ft, per hour, 
we can easily understand that a great 
elevating power can be -qjiitained by in¬ 
creasing the number of plates. {Lf* 
Nature,) 
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SipllOllfl.—(a) Tlie following ar- 
ningpinont of siphon is little known, 
thinigh u^ed at various limes, and for 
various ]>iirposos, llio last 20 yoars. Jt 
snnjilv consists in liaviiig t)ie ends of an 
e<piai legged siphotibent upas in Fig. 272. 
VVhen the nhov%is onre charged, and the 
'openings kejit level, it will draw tlie 
liiiuid Iroin a vessel, sto])ping, or<'ourse, 
when the level of the lifpnd rea4*hes that 
ofthe opening*,lint will start into a<’tiou 
again if the level of iit^uid ri^es. ('he- 
inical readers \\ ill ftn i a glass tube, hent 

a72. 273. 


as above, very handy in the laboratory 
for dyeanting, as, when not in use, it 
ean he hung reajly charged on a nail 
against the wall. The j»rini*iple may 
he applied to a couple of rain watev- 
hutts, with the object of not cutting 
the casks in any way hehtw the water- 
line, obviating oozing and dropj»ing— 
tile common complaint about the connec¬ 
tion of water-butts. It answ'crs very 
welU Fig* 27d is the arrangement. Put 
a long turu-up on the overil<»w siphon— 
about 9 in,—so that eva])oration can take 
place to some extent without interfering 
U^ith the stability of tJie water in the 
pipe, Forchurgiug the two long .siphons, 
iiave a small gas tap solderetl on the top 
of each, tlifough which to suck out the 
air, after winch screw up the little nut 
or plug of tups very tight, so that they 
cannot be o{)eued by meddlesome iingers. 
Ihe ovorflow may be charged in a tub 
‘d water, and aherwards adjusted on 
**dge of cask, so as to keep the level 
•'bout 1 in, from top when raining 
heaviest. The siphon for laboratory use 
above mentioned could be improved by 
"Jinking one of the legs straight, and 
hxing it to a piece of rubber tube with 
^ pinch tap. Arranged thus it could 
he (jjirried about Avithout fear of ub- 
5 * # ‘ 


setting the balancje of the water iii the 
two legs. 

{/#) The nmnerous experiments in 
di.sinfpcling with sulphurous anhydride 
have sliowu that t]i<* clnef ditliciiltv in 

w 

the AViiy of various apjjlii’ations of it re¬ 
side in the imperh'ttiou of tlieU]i]>ai':itus 
designed for hohlmg and distributing 
this liquelied go's under strong pre■^Sllre. 
As this agent, is called u[h>ii to render 
great services in a lu»st of eases in which 
the sulpiiurous acid j»rodueed by the 
diiei’t combustion of sulphur, and with¬ 
out pressure, cannot be used, 
it is of importance to prevent 
to as great a degree ns pos.sible 
any leakage, and to be able 
under alt circuni.'.tunces to 
easily bottle, carry, handle, 
and apjdy this j)owerful dis¬ 
infectant. After nintiv ex- 

¥ 

periments, I)r. Victor Futio, 
of Geneva, has succeeded in 
I constructing for this jiiirjiose an appa¬ 
ratus that permits of quickly and 
I safely charging siphons from the fouu* 

! taius iu wdiich the auhydi’ous sulphu- 
1 rous acid is delix-ered to consumers, 

I Fig. 274 shows one ofthe siphon appn- 
. ratiis being charged with sulphurous 
1 acid from one of Pictet’s metallic foiin- 
' tains. Tiie specially arranged siphon is 
I provided at the upper part with a tube, 

’ by means of Avhich it is put in com- 
i uiunication Avith the fountain through 
; if bent tube. To the siphon there is 
adapted a key which ponnits of ojieniiig 
I and closing it before and after the in- 
' tnMluction of the liqiie/icd gas. Another 
key is fitted to the fountain. At the 
upper part of the dcA'icc, which rises 
when thcsiplion is full, there is a liuiidie 
for tightening it up. For disinfecting a 
room by means of abiphun of sulphurous 
acid, it sudices to empty siime of the 
liquid into a basin and allow' it to 
evaporate. By means of a rubber tube 
running through a hofe In the door or 
wall, a room may be disinfected from a 
siphim placed outside. (La Aaturi\') 

(c) B(Mle and VVimpf have designed 
a new kind of fliphon, which ^ of great 
use for siphoning off acid, caustic or 
poisonous liquids. Its special feature 
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is due to the fact that it is not set by 
auction, l)ut by blowintj, so that the 
liqiibi to be siphoned ofV can never get 
into the moiith. Kig, 275 represents tl»e 
(*onstruetion. The tuiie I>is surrounded 
by a wider one (.*, cliise«i at the top, and 
provided with ii ball valve JJ at tlie end 
K. On putting the apparatus into a 


and no liquor being able to enter the 
aiphou, it empties itself. The siphon 
need never be removed from the liquid, 
cither at the start or at the end. (\ 
Oerhard, of Bonn, and the Muncheberg 
pottery, are ]»repared to siijqdy the 
siphon to the trade. It can be made of 
glass, earthenware, eborite, rubber, and 



liquid, the ball valve is raised, and the 
tubes 0 and i) are filled to the height 
of the surrounding litpior. If now air 
be blown into the tube H, the valA'e is 
closed, and the liquid being driven from(> 
into L) and F sets the siphon to work. 
The blowing is then discontinued and 
H is closed. If it be desired to interrupt 
the flow, it is only necessary to blow 
again a Pttlo stronger through H. 
The valve B is now pressed into its seat, 


metal. It is also intended to fit WoultTs 
bottles with this sijdinning arrangement, 
as shown in Fig. 27<i, for drawing otl 
acids in the course of the manufacture. 
{Chem. Zt'ii,) 

Ql) When, at nn elevated point in a 
meadow, there exists a spring or vein of 
water that cannot be utilised at a dis¬ 
tance, either because the sufiply is not 
Buflicient, or because of tlf^ permeability 
of jthe soil, it becomes very advantage* 
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ouK to accumulate the water in a reser¬ 
voir, which may be emptied from time 
to time thrmij^h an aperture larfje 
enoti^h to allow the water to flow in 
abundance over all ]>arts of the liehl. 
The storing; up of the water permits of 
uTigatini; ch afr <‘f land, 

, and has tlie adianta^e of allowiiis:; the 
watering to bo elfected inlerinittently, 
this beini; better than if it were done 
rontiuuouslv. 14uf tliis mode of irriixat- 

V 

iiiiT re<}uires assiduous attention. It 
n«<*essary, in fact, when the reservoir is 
full, t<» and raise the ]du.£:, wait till 
the water hiis flowed <»ut, and then put 
in the ]diii; again as a<*eural(dy as ]»o.s> 
>ihle—a thing that it is not always easy 
to do. The work is a contiiHiims piece 


the outlet U, w’here it is fixed hv means 
• % 

of a ])ieee of ruljber of jiernliar form 
fliai allows the other extreinitv B D E 
to revolve arouml the axis K, while at 
the .same time keeping tlie outlet jape 
l)ermeti(’illy eloNcd. 'I'liis riildier, whose 
lower e\f remit V Js lauit ha<*k like the 
hell of a trumpet, forms a washer 
agaiUNt whicli is a])plied a galvanised 
iron ring that is fi\e<l to the month 
of the imtlet ]>ipe hy mi'aus of d 
.small screws. 'j'liis ring jirovided 
with 2 stud.s, which cuirage with 2 
tlexibU* thimbles K I., atlixed to the 
siphon hy 4- rivets. The.se ^tuds and 
thimbles, as well as the screws, are like¬ 
wise galvaiiiseiL Between the hrauciies 
A B 1> 1C (4* tin* j>ipe ]•> .^tddered a sheet 



*ddrudgery, and lakes just as much the 
longer to do in proportion ns the reser¬ 
voir is more distant from one’s dwelling. 
In order to do away with this inconveni- 
eiice, Giral, of Langogne (Loz^rc), has 
invented a sort of movable siphon that 
}>rimes itself automatically, however 
^mall be the Spring that feeds the re¬ 
servoir in which it is placed. The appa¬ 
ratus (Fig. 277 ) consists of an elbowed 
jdpo C A B ft B of galvanised iron, 
''^hoBc extremity C communicates with 


of galvani.sed iron, wiiich forms isolaledly 
a receptai'le nr air-ohainher F, that con¬ 
tains at its u])pcr ]>art a small aperture 
/*, that rcinain.s al\vn\s open, and, at its 
lower ]uirt, aco]>pcr MTcw-nlug r/and a 
galvanised hook H. Jn the interior of 
this chamhor is arranged a small leaden 
siphon a h c whose lunger leg a passes 
through the botlnni, where it is soMcred, 
and whose shorter one c ends in close 
proximity to’^the bottom. % Finally, a 
galvanised iron chain G IT, fixed at G to 
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the bottom of the reservoir, ainl i>ro- 
\iilftl with a weiijht 1’ of ,i;alv:niiseil 
iron, is ]\oul\eJ ut. 11 to'tiie siplion and 
allows it to lise more or less, aeeordn»<^ i 
H it i;ivon a greater or leiii^th. | 
From what j>n*rtM|es, it will be seen that ' 
rlu; outlet is entirely ebised, so that, in 
Older that the water may (sea[>e, if 1 
must pass into tiie pipe in the direolion ! 
K 1> r» A C. This qraiitod, Jet us see 
li(»w the apjjaratus w^rks : In measure 
as the water rises in the reservoir, the 
siphon t^radually Ioh'S weight, and its 
e.vtiemitv H J> H is finallv lifted I^v the 

« 4 V 

thrust, so that the entiri* allair revohes 
upon tlie studs K, iiutil the ehain be- 
nnuestaut, 'J’he apjiuratus theni''asesto 
rise ; but tlie water, ever eoutiiniin^ to 
rise, tinally reaches the apex ft of the 
smaller siphciu, and tl»r(uiE;h it enters 
the aii-chamher and fillsit. The e^^llili- 
briuui beiiu^ thus broken, the siphon 
des<-ends to the liottom, heeoines ])riuied, 
and empties the n'servoir. When the 
level of tin* water in deseendini; is at 
the heii^ht of tlie small siphon ii//(;,this 
latter, w’hi<'h is also primed, empties 
the ehnniher V in turn, sit tliat, at the 
moment flic l:tri^e siphon loses its 
priiniufij, the entile apparatus is in the 
>anie slate that it was at first. In 
short, when the water enters the reser¬ 
voir, the siphon, movable upon its base, 
rises to the height at wdiich it is ile- 
sired that the flow shall take plaee, 
Ikdng arrested at this point by the 
ehain, it becomes jirimed niid sinks, and 
the w'ater escapes. When the water is 
exhausted, the sijdion rises anew in 
order 1o a^ain sink; and this goes on 
as long :is the period of irrigation lasts. 
This ajijiaratus, \\ hich is simjile in its 
operation, and not very costly, is being 
employed with success for irrigating 
several meadows in the upper basin of 
the Allier, (L^ (Jniic Civil.') 

(c) As well kniLwn, the general solu¬ 
tion of the jiroblem of storing water, 
a vital question for .agriculture, is 
the frdlowing: To unite all the 
sources that are not utilisablc, on 
aec'j\mt of ti^ieir too feebit discharge, in 
a rf*serv(dr of ajipropriate dimensions 
which la emptied one or more times’ in 


2f hours tlirough a sluice of dimonsion*{ 
such that the water collected can be 
entirely distributed over the surface to 
he irrigated, in a relatively short time. 
lApeiiciu’e, in fact, has proved that if 
water i-* ]>rt»fitubie distributed to pro¬ 
lusion, it is but sliglitfty so when it 
ilows HI a thin stream in a trench of 
wliu'li it wets <»nly the banks. 

Iii'^tead nf having a sluice to be opened 
at ileliiiite intervals, it long ago occurred 
to some pevsous to make use of the ordi¬ 
nary siphon. It suflif'cs, in fact, tliat 
Die latter shall prime itself aiitomati- 
call\ in order to have a rapid and inter¬ 
mittent onijitying of the reservoir. 
15nt the conditions neces'-ary for such 
automatic jiriming are .sometimes dilli- 
cuit to carry out- The source, in fact, 
must he very regular, and have a pretty 
large discharge, larger than that of the 
siphon (luring the siiort s])ace of time 
in whii-h the latter, operating at first ns 
a waste pipe, is upon the point of prim¬ 
ing itself. If this critical pont is 
passed, the priming is effected and 
the reservoir i.s cm[itied by reason of 
the gr(*ater vtdi»city that the head of 
water gives the Ihjuid in the bi])hoiK 

But if the s. arce is intorinittciit, 
irregular, or diminishes, it may hap] en 
that the sijihon will no longer perform 
the functions of anything but a waste 
])ipe. Priming will no longer be able 
to bo effected, and the abrupt emptying 
of the reservoir will no longer take 
place. 

In certain special casev, this state of 
thing.s can be remedied by establishing 
a w<dl of water A»r the rci-ejjiJfon of the 
long branc-h of the siphon. The over- 
tlow is tlius reduced and the priming 
can take ]>iace. 

Thi.s, in reality, is merely a palliative 
of a result that is so uncertaJu in all 
cases that it is usually preferred to 
einjdy the reservoir by opening a sluice 
at stated intervals. Hence an annoying 
restraint, and a very poo^ utilisation ot 
the water at one’s disposal. 

in fact, the user generally opens the 
sluice in the morning^and evening. 
Between these two intervals and at 
night, if the fcservoir is full, the wWter 
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flows owt slowly, aud irrigates but a 
hiiiall surfaeo. 

DifTerent menus hnve been projfosed 
for obtaiiuDg an autoiiiatir di.sfl'arge, 
anil p.specially for |iiev<uting the e\er 
]iossible ni'sloct to uiaiio'uvre tin* slint e. 

^ At the last a^fririiltur.il exiubitiou at 
Tulle was shown a rerenfly de\ ised aiul 
very sini]»le sy.stem, thi- great ail\an- 
tage of whirh is flie (Mitire aliNOiiee of 
aiiv inrrhanisin \\)oite\er subject lu -Ti-t 
‘ out. of onier. It is a siphon, but it luci 
!>een so arranged by Delavall.ule that 
,the ]irohleni is '•iitindy Polled desjiite 
all the dillioultifs eiiuiuerated. Fjg, 'J7S 



Giphon for Intcrmlttoiit dtsi'liarge. 

gives a general view of the a])])aratus 
nnd the manner in which it is arrangeil 
<n the Rluiee hole of a l ebervoir. Thus 
placed, and ♦supported Ity 2 woode 
posts, one has no longer to ]iay any 
attention to it. Whatever be tiie irr 
gnlarlties in ffhe discdiarge of tbe .sour<‘e, 
the siphon will never act ns a wast 
and yill ]>rimp itsjidf ns soon as the 


desired level of i^ater is reached in flie 
reservoir. 

The latter (mce oinj)ty, the sijdion 
will fie unprinied, and will rejuime it¬ 
self a few iiours later. The instant of 
I utipriiniiig, and conh(‘({uent ly tlie leiel 
! of tlie w.ater reiuainiiig in the jiond, is 
! iullv under the <(tnliol of the I'.inuer. 

I ll sii.liiTs, in l.ict, to form a seiies of 
' n]‘eiture.s if ui the sliort luauih oi‘ the 
siphon, and close them witli wooden 
pities tliat ate rcnioied mcorilingus it. 
ihdisued tlie water si’.uH de'-ceud 
to sncfi or smli a in the reservoii. 

1 As‘iu«wii in tile >01 f ions in I jg". 27P, 
i Ito' a|/paiatns is loiistrinted jn 

two di/bKiit forms, hut tin* pi iiii ijtle (d‘ 
, botli i*s absoli.teli tlo' same. 

d lie liell siphon fFig 271*) I’onsists of a 
tube, wblcll is iieeiteil in the sluice 
)i«di» iuiil is provilled at its nppei part 
with a cfu'ular water leseivoir A. A 
inovaide bL-lI, provided with an internal 
circular <liaphragm D, coders the whole 
aiul lests upon tlie tube. Ir is pro¬ 
vided with two small external reseivoiis 
ib U' loiincctcd bv a tube 'I’he lower 
reservoir K' tanmnnnicates with the 
interior of the bell, through .small 
njiertnres. 

Two beut tiibes T T' )>nt the reser¬ 
voir Ib in coinn.uiiicaiion witli tbe two 
chaiiibel's afi formed in tlie bell bv ibe 
diaphiagni 11. A third tube S below 
the two withers starts from the reservoir 
I!, traverses the bell, and hangs x'erti- 
callv in thii interior of tlic central tula* 
fixed lii tlie «ilui<‘e. 

Fig. 28D rejiresents the second form 
of the ajiparatns. It is an ordinary 
doubly rcvol\i#g siphon. The general 
arrangements are the .same as those just 
descrihed. It is to he remarked that 
the ]iart A of the bent sijdion will 
always remain full of water, like the 
reservoir A in the bell sijihou. 

Let US suppose that Ihejiond has just 
been einjiticd ; the * unprinied siphon 
will he entirely empty, except in the 
! jiarts A. Tlie water graduallv rises in 
the reserviur, and lonseipiently in the 
short hraiich of the sij^on, in the 
leservoir 11, through the intermedium 
of* the reservoir K', and in the G lubes 
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T V S. lu moasuri* as the water rises, 
the air is driven iorward until the 
iiioin(Mit that the siphon is about t*i 
operate as a waste piiM\ It thus takes 
a errtain pressure in the ehainber a 
(tube 'J'), on aecount (»f tlic j»reseiK*e of 


i!79. 



cumstannes with the external level of 
the liquid. It results from this, that 
whatever be the discharc;cof the souree, 
the tube S, placed beneath T mid T'will 
be very quickly iminersft<l. 

In realitv, this tub* is merely an 

2H0. 



S plion for inbrmitteiit diseburge. 


water in the internal reservoir A. In 
the clianiber jS, on the contrary, it re- 
tnaiiis at the ju essure of the atmosphere, 
flince the lonii; braiudi of the siphon opens 
in the free air. Jt is startinor from this 
moment that tlie automatic priming of 
an ordinary siphon may take ])lace, if the 
requisite conditions of discharge be pre¬ 
sent, the air contined in the upper parts 
being carried along by the lirst jet of 
the liquid. If such conditions are not ful- 
iilled, there always renkiius in tlie upper 
part of the siphon or of the bell some air 
that must be got rid of, or the pressure 
of which it will suflice to diminish sulli- 
ciently to prmlucc an abrupt ascending 
motion of the internal I i(|mid column, 
and consequently a priming. 

Such is the pniicij>Iu to be applied, 
and tlie way it is done is as follows: 
In consequence of the presence of a cer¬ 
tain volume of comjiresscd air in the 
internal ch^;nber a, the velocity of the 
siphon’s ilow as a waste })ipe is inAnit.ely 
small, and increases jmiportionally much 
more slowly liian under ov<linary cir- 


auxiliary sijihon whose diarnt'tcr is small 
enough to allow its priming to be 
always certain. It will therefore empty 
the reservoir K almost iuBtantaneously. 
As, on another hand, the latter can fill 
itself hut slowly, on account of the 
small (liaineter of the tube there will 
oecur, in order to hll the vacuum 
formed, an abrupt draught and a put-» 
ting in equilibrium (through the tubes 
T T') of the air occu]»yriig tjjf internal 
chambers a p. At this very moment, 
the jet of water issuing from the auxili¬ 
ary sijdion in the central tube, or the 
long branch of the sijdion, causes a suc¬ 
tion in the chamber jS, and estabSshes 
in the whole (o ff) a jiressurc sensibly 
less than that of the atmosphere. From 
this complete rupture of equilibrium 
between the internal liqirid and gaseous 
strata of the siphon results a sort ol 
rain stroke that eflects an automatic 
priming. From the v^ry beginning* 
the. remaining air is carried along by 
the liquid, with a considerable velocity, 
dejieiiflcnt upon the height of the water 
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in the pond, which latter rapidly 
empties until the apparatus is un- 
primed. 

The system, with a few slii^ht modi¬ 
fications of detail, is applicable as 
follows: 1, tcii^hti flushing chambers in 
the sewers of large cities; 2, to the sub¬ 
mersion of meadows, and in general to 
all the jtrublcins of irrigation; d, to the 
automatic em]>tyiiig and renewing of 
the water in garden fountains and iu 
ponds especially set apart for jiiscicul- 
tiire; 4, and, finally, to the draining 
of (juarries, mine holes, etc., without 
machines, provided there be a low point 
for the flow. (Za Nature,) 

Watekpkoofing (iv. 1-23). 

Itoois, —(10) 1 part ozokerit in ‘2 
parts castor oil, and 1 part lamp-black 
added, makes an excellent applnation, 
as the boots will take a thin polish 
aftv. (11) Salad oil 1 pint, mutton 
suet 4 oz., wliite wax and sj^ermaceti of 
each 1 oz., molted together, and applied 
to the boots watmed before the fiie. 
(12) Much used by fishermen: Molt 
3 oz. sj^ermaceti in a la<lle, and add ^ oz. 
rubber, cut into thin .shavings. When 
dissolved, add J Ih. tallow, 2 oz. j>urc 
lard, and 4 oz. amber varnish. Mi.\ 
well, and while still warm ajiply with 
ft brush, giving two or three coats. It 
loaves a good polish, and is pn'servative 
as well as being waterproof. 

Jlubbcr (#tw>c/s. —Under ordinary con¬ 
ditions rubber f4>r vulcanising is usually 
mixed with sulphur and heated to a 
high teinjf»erature, when chemical com¬ 
bination takes place between the sulphur 
and the rubber, jiroducing a much more 
valuable compound for ordinary pur- 
IK)8es than unvulcauised rubber; the 
former remaining soft at very Ioav tein- 
iwratures and firm at high tcinj)era- 
tures, whilst the latter hecoines hard and 
quite plastic respectively at those tem¬ 
peratures. 

In making cloth for waterproof gar- 
montB another metliod is employed for 
vulcanising the rubber, viz,, by w'ettiiig 
tis surface with a mixture of somewhere 
about 5-10 parts chUt'ide of sulphur 


tlissolvcd in lOO parts bisulphide of 
carbtui, and then heating the fabric 
gently to evaporate away the excess of 
the>e substances; the rubber-covered 
cloth cannot be heated to a high lem- 
perature like the rubber alone, because 
the heat would he liable to injure the 
c(»tt<iTi, silk, nr w'ool of the fabric, or 
destre^v or injure the colours. 

The bisul])hide of carbon softens and 
penetrates the fine layer of rubber, 
carrying with it the chloride of sulphur 
dissolved iu it, and it is generally suj»- 
]Hiscd that the chloride of lulphur 
breaks u]i, the sulphur combining with 
llie rubber juoducing vulcanisation, 
and the chloiine combining witli the 
hydrogen producing hydrochloric acid 
which is liberated. This leaction is 
clearly not the correct one, and it is 
probable that the reterse is more in 
accortlancc with the facts, viz,, that the 
chlorine of the sulphur chloride com¬ 
bines with the rubber jiroducing viil- 
cunisation, leaving the sulphur in the 
free state, or only jiartially in combina¬ 
tion tvith the rubber, because in rubber 
vulcanisc<l by the cold protj'Ss I have 
found flee sulphur to he jiresent- 

From a juece of rubber-covered cloth 
I separated the rubber, and submitteil it 
to analysis, by mixing it thoioughiy iu 
.small pieces with jmre sodium carbonate 
and igniting, then dis.solving the whole 
in water and adding to it jieroxidc of 
hydrogen previously treated wdth excess 
barium chloride (to separate sulphuric of 
acid or sulpliates). '1 he ]>eroxide ensures 
the conversion of the lower oxides of 
sulphur into ^uljdiuric acid, whilst the 
excc.ss of barium <'h)orides precipitates 
the sulphuric acid in the solution, 
which is then weighed as barium sul¬ 
phate. 

Another portion of the made-up solu¬ 
tion was neiitralispfi, and the chlorine 
present titrated. Tlie rubber previ^ms 
to ignition, as above described, had been 
well boiled in water and dried to sejia- 
rate any hydrochloric acid which might 
be present, but ouly a ^aint trace of 
chlorine compound could be thus 
iieparated from the rubber. 

The total sulphur jirescat in the 
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rtibher amounted to 2*60, and the 
total chlorine to 6*31*))er cent. 

The yellow-coloured sulphur j)roto- 
chloride is best adajded for vulcanising, 
because it does not art too strongly 
upon the rubber, Avhilst the tlark 
coloured cliloride of suljihur,containing 
as it does a large quantity of the 
higher chlorides of sulplnir, is liable to 
render the rubber ijuite hard by vul- 
ennising it too much. The theory 
generally adc>})te4i to explain this is, 
that th<‘BC higher chlorhies break up 
easily, liberating tbeir sulphur which 
thus combines in greater quantity with 
the rubber; but my experiments and 
analyses prove that it is clnefly the 
chbu'ine and not the snl])hur of the 
chloride of sulphur whicli produces tlie 
vulcanisation. 

A rubber substitute, much used at 
present, is produced by acting <m 
vegetable oils, such as rape, linseed, 
etc., with a mixture of chloride of 
sulphur ami bisulphide of carbon; the 
oil becomes converted into a solid 
substance resembling rubber to some 
extent, but being much more brittle. 
This body is now used in largo quantity 
for mixing with rubber for the purpose 
of cheapening its production. On 
analysis of some samples of this 
material 1 have invariably found that 
it contained a much greater j)rop<tr- 
tion of chlorine than of suljihur, and 
this process therefore is a A'ulcanisntion 
by chlorine rather than by sulphur, 

Kecently I analysed three sain]dea of 
rubber substitute, the one termed 
“special” another spongy” rubber 
substitute, the third bwing similar to 
the first in appearance. The first con¬ 
tained of sulphur 3*4 and of chlorine 
7*6 per cent.; the second contained of 
sulphur 4*56 and of chlorine 8*22, and 
the third 2*67 of sulphur and 7*90 of 
chlorine per cent. 

These rubber lubstitutes contain 
considerable quantities of oily matters 
soluble in ether, which T have also 
found to be chlorine and sulphur com¬ 
pounds of the oils. The first yielded 
20*9 per cent., the second 14*3, and 
the third Jl'5 {»er cent, of these thick 


oily matters soluble in ether. This 
oily substance from the first sample 
contained 2*6 per cent, of sulphur and 
6-1 per cent, of chlorine, whilst that 
from the second contained 2*97 and 
6*87 ]»er cent, of sulphur and chlorine 
respectively. £ 

Some rubber manufacturers regard 
this oily matter as injurious to the 
rubber, and reject any substitute which 
contains any coiiMdcralile proportion of 
it. 1 have found, however, by experi¬ 
ment that this oily compound instead 
of acting injuriously on rubber, actually . 
acts as a preservative of it; some rub¬ 
ber tiireads were smeared with this 
iiily extract, some Avith ordinary (un- 
Yulcaniscd) rape oil, and some left 
untreated ; these Avere ]mt into an in¬ 
cubator at 150® F. for a few days Avhen it 

w 

was found that the oil-treatotl rubber 
Avas quite soft ami rotten, whilst the 
other tAVO had remained sound; after 
a few days more, the original rubber 
threads had become quite rotten, whilst 
the threads smeared with the oily part 
of the vulcanised oil remained quite 
sound. 

The first and second samples of rub¬ 
ber substitute Averc examined for 
soluble chlorides or liydrochloric acid, 
by boiling in Avater; the first gaA’e 0*1B 
per cent- of chlorine soluble in water, 
and the second 0*05 per cent. 

Jt has bouu known for sonic time that 
copper salts exert a most injurious 
inHucnce on rubber. Copper salts are 
sometimes used in dyeing cloth, Avhich 
are afterwards employeu for water¬ 
proofing Avith rubber, and y; seems 
quite astonishing Avhat a small quantity 
of copper is required to harden and 
destroy the rubber, and the destructiA’e 
eflect of copper is further enhanced if 
tlie cloth contains oily matter in Avhich 
the copper has dissolved. 

As an example, a piece of cloth, 
alleged to haA'e damaged the thin coat¬ 
ing of rubber on it, was fuund to con¬ 
tain <-oj»per, and Avith a view of demon¬ 
strating this ]K>int, I took one piece in 
its original condition. the end of 
this 1 pasted a similar piece of cloth 
frorp whjek t^p oily and greasy mnttcia 
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hftd been removed by ether, and to the 
end of this again, 1 pasted another ]>iece 
of the same cloth, from which 1 had 
removed both oily and greasy matters 
and copper; these tliree pieces joined 
end to end into one, were then coated 
in the usual wry with rubber, and then 
hung in an incubator at 15()® F. In the 
course of a few days, the rubber on the 
orit^inal cloth had become soft, and it 
then hardened and became rotten and 
useless; the second )»iece, from which the 
greasy matters had been removed, then 

• liecamc quite hard and rotten, whilst 
the part from which btdh greasy mat¬ 
ters and copper had been removed has 
remained in a perfectly elastic and good 
condition. 

Prof. Dewar observed accidental!}', 
tliat metallic copjKjr when heated to 
the temperature of bulling water in 
contact with the rubber exerted a 
destructive eflecL upon it. With a 
view of finding whether this was due 
to Uie cop]>er per sr, or to its power of 
conducting heat more rapidly to the 
rubber, 1 laid a slicet of rubber on a 
plate of glass, and on it placed four 
clean discs, one of cop})er, one of ]da- 
tinum, one of zinc, and one of silver. 
After a few days in an incubator at 
150° F. the rubber under the copper 
had become quite hard, that under the 
platinum had become slightly aiFccteJ 
aud hardened at dilferent ]>arts, whilst 
the rubber under the silver and under 
the zinc remained (piite sound and 

• elastic. Thisjsvould infer that the pure 
metallic copper had exerted a great 
oxidising efiect on the rubber, the 
platinum had exerted a slight effect, 
whilst the zinc and silver, res}>cctiYely, 
had had no injurious influence on it. 
A still more curious result was this, 
that the rubber thus hardened by the 
copper contained no appreciable trace 
of copjMjr, the copper, therefore, pre¬ 
sumably sets up the oxidising action in 
the rubber without its permeating it. 
(W. Thomson.) 

Woollen G(^s ,—What is asserted to 
be an eilccti^ process for waterproofing 
Woollen goods has come into use among 
flNnnita pi^nt^factuyers, the cloth in 


this case gaining considerably in weight, 
and, though perfectly waterproof, irn- 
})edes neither air nor perspiration, A 
solution is made of 100 parts alum, 100 
of glue, 5 of tannin, and 2 of soluble 
glass, by dissolving alum in a moderate 
qunutity of boiling water. The glue 
is steeped in cold water until it has 
absorbed twice its weight of water, and 
is then dissolved by heat; the tannin 
and soluble glass arc well stirred into 
the solution of glue, to tvhich the alum 
solution is then added, and the whole 
stirred and allowed to cool. 2 Ih. of 
the gelatinous mass is boiled for 
hours in M gal. water, fresh water 
being coustautlv' added to allow for 
evaporation. The bath is now permit¬ 
ted to cool to 80° C. anti in tins the 
material to be rendere*! waterproof is 
kept for J hour, then withdiawn, and 
the moisture allowed to drip from it 
for several liours. Finally the cloth is 
stretched on a frame, and dried at a 
temiwraturc of 50° C., then calendered. 

Glass MAxrruLA'nxG. 

(iii. 22G-24C0. 

Breaking. —(5) In breaking a 
glass tube, e.g., a combustion-tube, a 
small scratch is made with a file at the 
required jilace. At each side of this 
scratch, and about 1-2 inm. awnv from 
it, a small roll of wet blotting-pajier 
laid round the lube. The free space 
between is then boated all round over a 
Bunseu burner, or better still, over a 
small blowpij>c-flame. A dean find 
even fracture is thus obtained, cxactlv 
between the two rolls, without droji- 
jdiig water on the hot glass. The roll^ 
are made by cutting two strips of 
fiitor-paper, sufficiently large to form 
rolls 1-2 mm. high, and 2-4 cm. wide. 
The strips are folded once, Icngthtvays, 
laid on the table, moistened, flattened 
out, ami then wrapfied on to the tube, 
so that the fold lies nearest the file- 
scrat(d), and fold lies accurately upon 
fold ill the successive layers. The thick¬ 
ness of the# rolls, and t^dr distance 
apart, has, of course, to be varied, ac- 
copling to thp diitiHetpy Pf tube^, 
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Equally good rosults’ are obtained with 
the titinnest test-tubes, the thickest 
coinbustion-tubes, beakers, ilasks, and 
glass bell-jars. In those cases, where 
the siiles are slanting, as, for instance, 
■with funnels, an obvious alteration in 
the construction of tlie j)a|ier rolls need 
only be earned out, (^Analift^L) 

Cutting.—(.’i) To cut glass j.irs, 
fill the jar ivith larrl-oil to where vou 
want to cut tlie jar; then iieat an iron 
rod or bar to reil heat, iininerMi it in the 
oil; the une<jual expansiou will crack 
the jar all round at the sLirf.u'e of the 
oil, and you can lift otl'the top jmrt. 

W T ho following is said to be an 
easy way of cutting glass bottles, car¬ 
boys, &c., into hand-lights. Pass a or 
G strandsof coarse packing twine rouml 
the bottle on each .side of where ytui 
want it divitlcd, so as to form a groi>ve 
about wide; in this groove ]>ass j 

one turn of a piece of Imrd-laid white 
line, and extend the tno ends, and 
make them fast to some support; then 
have a tub of cold water <dose to y<ui, 
and, grasping the bottle by the neck 
with one hand, and the bottom with 
an<ither, saw the bottle tjuiekly back¬ 
wards and forwanls for a short time; 
you will soon notice a burning smell 
caused bv tiu* friction of tlu! hard ci»rd. 

V 

After about one minute’s friction, by a 
side motion of the bottle, throw it out 
of the line into the water, and then tap 
against the side of the tub, when the 
bottom will drop off. Carboys can be 
cut as easily, but being larger, they 
require two ]) 0 i>ous to sce-saw them 
backwards and forwar»\s. 'I'he line of 
twine to form the groove must be put 
on quite tight, and then wetted to 
tighten more, so as not to shift; but 
let the groove and stout cord be dry. 
The cutting cord should not be less 
than l-Uu thick ; the eilge of the glass 
after cutting, shoVbl be rubbed on a 
grindstoue, ae it is very sliarp. 

(5> If a bottle is to be cut into two 
pieces, a notch is Gled in its side. Then, 
by applying a hot iron er glass rod, 
first on one side then on the other of 
the notch, a smooth crack ^-in. Irmg 
will son>?timos form. Hut as this does 


not always take place, and, as in cut¬ 
ting glass only one of the pieces is 
wanted, a crack may be started w<dl 
away from the desired place. Assum¬ 
ing such a crack to be formed, it may 
be led in an}' direc^'oii by slowly, 
moving in advance of it, and in contact 
with the glass, the end of a pipestem, 
of an iron or a glass rod, heated to a 
full I'tMl heat. Tlie speed with which 
the rt)d is to be moved depends on the 
crack. It should be kept about ^ in. 
in advance tiiereof, and should be. 
moved continually away from the end, 
as the crack oxteuds itsedf. In thi-. 
way a liask can be cut into a spiral, or 
heavy jdate glass divided with fair 
accuracy. 

The great point is to have the line of 
the cut w’ell marked. If a buttle is to 
be cut off, to make a battery jar for 
instance, a string tied or a rubber band 
.sprung around it about J in. from the 
pl.'ice of division forms a convonicut 
guide. The cut may be cirried around 
parallel with the string or liand. Then 
a lialf-iiour’s griiidini' on a horizontal 
pane of glass, with sand, camjihor, and 
turpentine, will finish the edge jM?r- 
fectly. in marking the place for cat¬ 
ting, a pointed ]iiece of soap may be 
used, as a string can only be employed 
on cylindrical objects. This metliod itf 
working is attended with one incon¬ 
venience. Unless a rod of large size N 
used, continual reheating is necessary, 
A glass i'c<i ;is thick as a^nenholdcr will* 
carrv a cut about 2 in. at a heat. A 

V - 

pi{K!stcm or (etqienny nail m^II do the 
same. To obviate waiitiug, several rods 
may be used, some heating while one is 
in use. 

A fine gas jet, burning from a fme 
glass jet at tlie end of a rubber tube, 
has also been suggested, but is incon¬ 
venient. Little carbon pencils, that, 
burn with flanieless incandescence, 
may be used instead of si heated ro<l. 
These, however, are troublesome to 
make. 

The use of what is solik by the fire¬ 
works flcalcrs under the name of punk 
wns suggested by a consideration of idie 
points given t.ibove. This * sub-stantie 



GLASS AIANll'ULATlNG. 


315 


burns slowly, without tlanie, and main¬ 
tains a strung incandescence until quit(» 
consumed. The incandescent jtart takes 
the shape of a cone, like a shar|)ened 
])euuiL As long as the ]>iece lasts, its 
iniruing end iv'^intnius this form, iiy 
blowing upon it tlie heat can he 
materially increased. On trial, it was 
fiiund to cut glass perfectly. The oniy 
ohjection to it is that if rubbed against 
the glass the ash soils its snrlm’e, S4» 
that the pntgress of the crack cannot 

• be convtMueiitl}’^ Avatched. l'>nt in 
}»ractice it is not necessary to ludd it in 
contact A\ith the glass, as it radiates 
heat enough to lead the 4‘ra<‘k, it held 
very close and not in absolute contact 
therewith. 

By using punk the trouble of shift¬ 
ing from rod to rod and the necessity of 
a source of high heat, a Ihmsen hiirner 
generally, is obviated. Tlie punk can 
be lighted with a candle, or even with 
a match, and is ready for use ini- 
inediately. A h’Ug stick will last for j 
hour, enough to do a great deal of work. 
The only diflicnlty is in starting the 
cra<‘k. it may be done hy lieating tlie 
glass, and touching it with a drop of 
water. This generally starts several, 
and the one ]u>inthig in the nH>st con¬ 
venient direction may be cliosen, and 
carried where desired. The incthotl 
tirst spoken of as apjdicahle to bottles, 
that of filing a notch and heating the 
glass first on one side and then on the 

* other, cnnnotjie depended on. (S, T.) 

Drilling:. —(5) Glass may he readily 
drilled h§ using a steel drill Iiardeiied, 
but not drawn at all, wet with spirits 
of turpentine. Kim the drill fast and 
feed light. Grind the drill with a long 
point and plenty of clearance, and no 
diflicnlty will be experienced. The 
o})eration will be more 8]>ecdy if the 
turpentine be saturated with camphor. 
With a hard tool thus lubricated glass 
oan be drilled with small holes, .say up 
fthout as rapidly as cast sieel. 
-A breast or row drill may be used, care 
being taken to hold the stock steady, so 

not to break the drill, 

•(6) To file glass, take a 12 in. mill 
file, single cut, and \\#t it with llio 


above solution—turpentine saturated 
with camphor—and the work can bo 
shaj>ed as easily and almost as fast as if 
the malerial were brass. 

(7) To turn in a lathe, put a file in 
i tlie tool stock and wet with turpentine 
I and Camphor as heloie. 'I'o square up 
glass tubes, put them on a hard Avood 
mandrel, made by driving iron rofl with 
centres through a hloek of cherrv, 
chestnut, or soft maple, and use the fiat 
of a single cut file in the tool post, Avet 
as before, Kun slow. Large bole.s may 
bi* rajiidly (‘ut by a tube-sliaped steel 
tool cut like a file on the angular snr- 
l:u‘e, or Avith line teetli, alttM* tlie 
manner id' a rose hit; great care being 
neeessary, id' course, to liark iij) the 
glass I'airly AA'ith loarl ]dates c»r (dber- 
AVise to juvveut breakage from unequal 
]»rcssure. 'I’his tiud tloes not reijiiire an 
extrcmelv fast niotnai. LnbTicated as 
befiue, neat j<*bs of boring ami fitting 
glass in;iy be made by these .sinifdo 
me.nns. 'j'lio Avhole secret is in gootl 
liigli steel, Avorked low, tempered high, 
and Avet vvitli tur]>entiu(! standing on 
campion*. 

(><) Thcjmd.hod iiMially recomiiionded 
for boring a h<de of considerable size in 
glass is by means of a cojq^er tube fed 
Avitli ciiieiy and turpentine. This may 
answer better in a vertical drilling 
machine than in the lathe, but amateurs 
Avho are not ordinarily happy cnongli 
to po.ssess the former appliance, will 
u.sually employ the lathe, Avherein it 
does not ju'ove a very .satisfactory pro¬ 
cess, being ditlicult to manage, horribly 
dirty, and eAC*.vdingly slow. The pres¬ 
sure necos.sary als4> causes a piece to bo 
punched out Avilii chipping of the edges 
of the hole at the back before the drill- 
tube goes clean through. 

It is, of course, quite easy to drill 
small holes in glass liy moans of a 
properly hardened *sj»ear-p(diited steel 
drill running at l(»()-200 rcA'olutions per 
minute, nud having to bore some 1 in. 
holes in discs of ]}latc-glass 3 in. 
diameter, 1 Ahonght it Av^rth while to 
try Avhnt could be done Avith a steel 
tool. After .several trials this finally 
assumed the form of a sqnaroAjndcd bar 
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ground f^at on one end, so as to have 4 
Wfirking edges, and as a graver tool on 
the other, for clearing out the circuin- 
fercnce of the liole as it progresses, and 
made very hard by getting, as the smiths 
sav, all the water.** 

A couple of the discs were fijjed 
together w'ith turners’ ccnicni, and fixed 
centr.illy on a wooden faee-jdate by the 
same means. When cold, the square- 
nosed to<d, held at an angle of 4rj^ to the 
horizontal, ]>oiut downwards over the 
T-rest, had one of its edges pressed 
firmly against the levolviwg glass. The 
lathe was driven at ahont GO per minute, 
and the work lubricated by just dipjdng 
the tool occasionally in tur]»entHie. Too 
much turpentine flow ing over the work 
does not answer. The action is not 
exactly a cutting one, but .seems rather 
a kind of local breaking up of the glass 
immediately under the edge of the tool, 
which goes on evenly after the finest 
edge of the tool is and is ap]>arently 
the same as that which occurs in using 
the small drillh for glass. 

The hole, however, went merrily and 
cleanly through the outside with¬ 
out any considerable chijiping at either 
surface, 'fhe graver point was used 
when necessary to keep the sides of the 
hole parallel. When, however, the 
outer plate was wedged off hy tiio 
insertion of a knife blade, ami the 
second proceeded with, some chip[dug 
occurred at the inside .surface, since the 
wood backing did not give a siifliciently 
solid support. For this the remedy is 
easy and obvious. (J. Krowii.) 

(9) To make a small hole in a ]jlate 
of glass is a comparatively siiniile 
matter. All th.^t is required to do it is 
a very hard, sharp drill, some means 
for turning it, and a lubricant, such as 
turpentine, for causing the drill to cut 
rapidly. A drill made in the usual form 
from .steel wire and hardened hy heating 
it until it is dark fed and then ]dungiug 
it in mercury, will he very hard, hut 
not tough. Before the drill is heated it 
should be driven into a block of lead, so 
that its point will just bo-enclosed by 
the lead, and after the drill has been 
Imrilencd in the mercury it? point 


should be inserted in the indentation in 
the lead, and the teiniter of the shank 
of the <lrill should be drawn over a 
lamp or gas flame to a blue. The lead 
])rcveuts the drill ]>oint from becoming 
heated suilicieuily to draw the temper, 
by conducting tbe beat/ way ns fast as 
it arrives at the jadiit. When the shank 
of the drill becomes blue to within a 
short distance of the lead, the drill, 
together with the lead, should be 
plunged into cool water. 

Thu drill prejiared in lliis way shmild 
be net with turpentine wliile in use, to 
cause it to “take hnhl.*’ It is ad\ is- 
able to drill from opjioMtu sidi's of the 
glass whenever tins is possible. Tlie 
imle may he enlarged by mcaas of a 
.sharp roimtl Hie wet with turpentine. 
Wlien larger holes arc required, these 
can not conveniently he made with a 
drill. A copper or brass tube charged 
with emery and water or emery and 
tniqientine, and rotated in contact with 
the glass, will soon cut a hole a Entile 
larger than tfic tube. 

Suiiple ways <tf guiding and revidv- 
ing tlu! tube are shown in Vig. 981. The 
glass to bo drilled, w'hich may be the 
jilate of an electrical machine for 
example, is jdaced upon a table with a 
few thicknesses of pnjicr underneath its 
centre. 'J'wo blocks are placed on the 
table at diametrically opposite edges of 
the disc ami a thick bar of woo<l, which 
is bored at the centre to receive the 
oo})por or brass tube, is placed upon the 
blocks and clamped Hrtnly to the table.^ 
The glass plate is arranged so tliat its 
axis colncitlcs with that of hole in 
the bar. Tlie plate is then clamped in 
place hy gently inserting two wooden 
wetlge.s between the wooden bar and 
the glass, 

Tlie tube by which the cutting is 
(lone is stopped hy a wtaiden plug at 
the middle of its length, and in the 
up]>er jiart is inserted n soft rubber 
stopper which rests upon the wooden 
plug, also a piece of heavy rubber 
tubing which rests upon the stopper. 
In the rubber tube is inifferted one end 
of a close-fitting metal shank, the other 
^iid of which is fitted to i^n ordiniffy 

0 
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drill sioflc. Tills firvan'jomont provides 
(nv n eertaiu amount of flexiltility in 
tlip coinieotion between the tube and 
flu: drill stix-k. The tube js revolved 
by the jroariiig of the drill stork while 
it ik supplied with a mixture of No. 4 
, emery :>Md wnte^ or emery and turjtoii- 
tine. Tin; pressure tm the drill stock 
should be ln.;l't, :nid the tube must be 
lifted fn^pieiiMy to allow a tresh 


ways, and may eventually come to re- 
jdaVe, at least in* ]iart, engravini; by 
means of a revolviii |4 wheel, or even the 
well-known hydrofluoru; acid inctbod, 
Tlie apparatus used is xerv simple, 
and is sbowii in Fig. 282. \Wll-dried 
sand, contained in the cylindrical 
vessel is allowed to flow in a con¬ 
tinuous manner through the tube c, 
whoso length and inclination can be 



supply of emery to Vv'‘ach ibc Rurface j 
being*^ cut. This device makes a hole | 
ill the glaRS in u short time. 

If a larger ajwrtnrc is desired, the 
glass is first drilled In the manner 
described, and enlarged by careful ent- 
ting with a diamond. {Scient AnwrJ) 
^^dlisg?—(3) The process here 
described consists in corroding "lass by 
violently projecting sand upon its sur¬ 
face by ineims of a current of air or 
steam. It is very probable that it will 
W found yf service in a great variety of 


IClclllUK 

> 

altered at ttill, so as to n-gulate the 
fall of the sand. The tube coiivcymg 
the current of air or steam terminates 
just above this sjiont, in a nozzle con¬ 
taining a scries of flue hole.s, I he 
sand, urged oii by the jet, is throw n 
violently against the glass plate e, or 
other body placed within its range, and 
thus exerts a corroding action. By 
A^arving the quantity of the sand, the 
volume and ♦velocity of current, as 
well iw the diameter of the jpt, more or 
less rapid effects are produced. 
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much harder than glass have 
been submitted to the a<’tion oj' sand 
thus tiirowu forrilily Against their sur¬ 
face, and have been as rapidly worn < 
awav. In a seiies of exiM'riments ; 
recently roudiicted in New York, a liole \ 
o cm. diameter was drillrl tln’ongh a 
Idock of corundiini in L!.~> niiniites, a ^ 
j>ressuro of 300 lb. bemg iwed. With a 
)>res.sure of Jo() ]b., a liole .*» cm. 
diameter and H nnn. de]»t.h wa-* fiU’meil i 
in a steel tile in 3 innnites. The ' 
Weight of a diiiinond was sensibly 
diminished in a minute, and a topaz. 

iitterlv (b'strnveil. 

• ^ 

In engraving on glass very little 
pressure is needed, tlie current from | 
the bellows <d' an enameliev’s lamjt 
being ijuite suftieienf. In thi.s \v'ay the 
tlivisions on graduated tubes, the ialiels 
on bottles, &c., <Mn easily ]>e engraved 
in laboratories with but Jitlle trouble. 

The portions of the glass w'hich are 
to IV ith j»a]>er, 

<n* with an elastic varnish, these sub¬ 
stances being sullieiently exempt from 
the corroding action of the .sand. 

(4) A. Aliiller Jacfrbs hai» .lately 
described a jihotomcchanieal ]>rocess for 
etching on glass whicli jmssesses several 
el foatn 'J'In li. ]ire- 

viously simwn that certain resinale 
colours are sensitive to light, and, after 
expnsure to light, tlie ilyc si uif heconies 
soluble in alcohol or other solvent. 
The sensitive resiiiate is made as 
follows:— 

Colojdiony ,, .. 100 grm. 

Caustic Soda ,, IM ,, 

(h*V 2 »tals sodium 

c!arb4»uate ., ^>.3 ,, 

Water.e.e. 

The mixture is boiled for 2 hours with 
1000 c.c. water, and is then mixed with 
f>00 c.c of a hot solution of 7*5 grm. 
methyl violet 3 11 (methyl green, 
chysoldino, magenta, &c,); 00 grm, 

inagne.siiiin suljdiate are now gradually 
stirred into the solution, and the pre¬ 
cipitated colour is waslied and dried at 
00° C. The sensitive film is prepared 
from these rcsinate colour.s by dissolv¬ 
ing n mixture of 20 g^m. rcsinate 
violet, 8 grn/. resinate green, 8 grrn. of 


the c‘hy.<!oldine, and 4 grm. of the ma¬ 
genta iu 130 c.e. pure betixenc and 70 c.c. 
chloroform. This solution is then 
mixed n ilh 120 c.c. of a caoutehone 
.Solution (50 grin, ratnitchouc, digested 
with 40(Kigrin. <’arbonl)isnlphido, heated 
on a water hath imlil half the bisul¬ 
phide has di^tillel idL. then benjceuc 
added to make the ttdal weight 3333 
grm.) After slainling for a few days 
the solution is fiUere I through cotton 
and kejtt iu the dark for use. 
The j>liite.s can be either of metal or 
glas.s, and are coated with this mixture, 
dried, and exposed to light under the, 
negative which is to he reproduced, 
3'he time orexp(>sure vanes from \ to 3 
hour-., depending on the intensity of 
light and the relative amounts of green 
ami red dycstiills in the resinate colour 
used, 'flic exfiosed plate is kept iu a 
cool, dark ]dace until rend)’' for de¬ 
veloping. 'riiis proecs.s consists in im¬ 
mersing the plate in a solution of 1 
part beiixene and 3 parts turpeutinc. 
After tiie solution of the soUihle 
cobiurs, the plate is washed in petro¬ 
leum sjiirit and made ready for the 
etching jirocess. For matt etching on 
glas.*4 tin* author recommends fuming 
hydrofluoric acid containing 10 per 
ce.iit. of water. ( fnduiitrieH,') 

(5) (loinparatively cheap etching 
sidutions can he pr<*pared, xvhich are 
cfjual in ofl'cct to the ex])ensive fiiioHne 
.salts, 

I. 3'wo solutions are first pre))urcd, 
{a) consisting of 10 grm. soda in 20 
gnu. warm water, (fi) consisting of 
10 grin, potassium carbonate iu20grni. 
w arm water, iSohitions («) a^d (ff) are 
now mixed, and to the mixture is added 
20 grm. concentrated hydroHuoric acid, 
and afterwards a solution (c) consisting 
of 10 grm, potassium sulphate in 10 
grm. water is added. 

li. Mix 4 c.e, water, 1-|L grm, potas- 
.sium carbonate, 0*5 c.c. dilute hydro¬ 
fluoric acid, 0*5 c.c. hydrochloric acid, 
and 0*5 c.c. potassium suljihate. This 
mixture is treated wiljh hydrofluoric 
acid and carbonate of potassiumr until it 
])roduccs the required degiac of opacity 
on being tried ujvon a piece of glass* 
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Tii<* mldition of a small quantity of 
livtiroHiiorir acid to solution I. 
about n tine granulated a]>poarance on 
(lie surface. {Laincr.) 

(b) A still sitn}>ler lu’ocoss than 
(itlur (tf tlieso has heen invented by 
Kaiiqiinaiiiu In jnvparinir an o]ia(|ue 
etehiuj^ iiuid Kain|uiiaiui uses a wooden 
vessel, the iroii'littings of whicli are 
]irt»teeted from the <‘orrosive action of 
tin* acid fumes bv a laver of as- 

r »' 

jdialtous material. This vessel is filled 
1*1 about its contents with strong 
hydrotluoric acul, which is then }»ar- 
tiaily neutraliKed by cautiously and 
gr.oiually adding some crystals of so*la; 
more soda is added, and tlic mixture is 
stirnnl with a small wooden rod. The 
)i*)iiit at wind) the neutralisation of the 
acid should cease is indicated hy the 
mixture frotliing and becoming sutH- 
I ientiv visciil to adhere to the stirring 

ft ^ 

lod. It is, jiorhaps, scarcely necessary 
to say that the acid fumes are highly 
injiU’ious, and that this ]»r<»cess should 
he cjjyried on in the open air, in order j 
to allow the x'a])oiir to pass rapidly 
aw.vy. Tlie most hygieuic. and satisfac¬ 
tory process of all would be to curry 
on the operation in a draught cuj»- 
bcavtl.” 

The contents of this wooden x'cssel 
now consist of sodium fluoride and the 
uimeutralisod hydrofluoric acid. Tins 
mixture is transferred to a xvoodeu tub 
and <iilutod with b-lti times its volume 
of nater, amirdiiig to the degree of 
dilution desired. It is objectuuiable to 
^um* the mixture in a too higlily concen¬ 
trated condition, for then the etclied 
surface of the glass is irregular, coarse¬ 
grained, And Apparently strewn with 
tiny crystals; if\ on the other hand, 
tbe dilution is too extreme, the ettdicd 
surfaces will be transparent instead of 
opa<|ue. Hither of tliese tw’o couditiims 
of the etching fluid can easily he reme- 
died, for if it be too strong water must 
he adiied, and if too weak, a small 
quantity of l^drofluoric acid partially 
neutralised with soda. A good recipe 
for preparing a small quantity of this 
t'tching fluidthe following: 240 c.c. 
(Commercial hydrofluoric acid, flOO gnn. 


powdered crystallised soda, 100 c.c. 
water. 

These etching tHiids are best used bv 
taking the folloxving )ireciiutinns. q’he 
glass IS first thor«nigiilv (deaiiscd I’roni 
all iiiipiiritios, an I is then ]>rovided 
with a rim of w’ax comp(»se*i of the 
following ingrcdnuit:—iWesw'ax, tallow, 
coloplnmy, and p(>w<lered a.s]dialle, 
kneaded together. The rim jircveiits 
tlio acid fitini spreading over tlmsejiarts 
of the surface w'kich it not ilesin^l to 
etch. The glass is then etche*! for a 
few minutes with an orilinary etching 
solution (11.F.—1: lo) which is then 
poured oil, the surface being afterwards 
washed with water and wi]»ed as *lry 
as jwssible with a j>iece *)f sjumge. The 
surface is llien reatly f*>r the o}iaqiie 
etching fluid, which is p*>ure*l on till 
it ftirins a thn k laxer. The oja-ratiou 
IS allowed to ]u‘ooress for one hour, 
when the liquid is jioured away and 
the suiT.ice washed witii water. Water 
is fuithev allowed to stand on the glass 
until a thin film of silicate is ttbM'VX'ed 
to I'oMii ; the film is then brushed off, 
th(! surface is finally cleansed with 
water, and the wax is removed. 

r>y varying the action of this ojiaque 
etching fluid or paste, v.arious degrees 
of opacity may he jiroduced, and if the 
opacity be greater than that which is 
desireil, the surf.ice can be c]**ared to 
anv extent by using the etching solu- 
tion of hydrolluoric acid. 

Frosting. — (Ji) Verre Oivre, or 
hoar-frost glass, aa article now made in 
Paris, is so called from the pattern 
ujKUi it, which roscmhles the feathery 
forms traced bv frost on the inside ol 

ft 

the window’s cold weather. The 
process (»f making the gla^s is as fol¬ 
lows:—The surface is first ground 
either by the saml blast or the ordinary 
method, and is then covere*! with soft 
varnish. On being dried, either in tin* 
sun or by arlilicial heat, the varnish 
contracts strongly, ftiking with it the 
particles of glass to which it adheres; 
and as the contraction takes place along 
definite lines, the pattern priHluccd by 
the removal^of the particles of glass 
resembles very closely tft branching 
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crystals of frostwork. A single coat 
gives a small, delicate cifert, while a 
thick film, formed by j>utting on two, 
three, <tr more coats, contracts so 
strongly as to produce a large, bohl 
design. \\y using coloured glas<, a 
pattern iu lialf^iint may be made on 
the coloured ground, and after deco¬ 
rating white glass the back may be 
silvered or gilded. 

Powdering. —Powdered glass is 
frequently used instead of paper, cloth, 
cotton or sand for filtering varnishes, 
adds, &c. It is not soluble or corro* 
dible. Sand, if purely silicious, would 
be better, but such sand i.> difficult to 
get; it too often contains matters 
which are easily corroded or dissolved, 
l^owdered glass when glued to ]).aper is 
also used for polishing wood ami other 
materials. It cuts rapidly and cleanly, 
and is better than sand fur most pur- 
]»oscs. Ulass is easily pulverised after 
being heated red hot and plunged into 
cold water. It cracks iu every direction, 
becomes hard and brittle, and breaks 
with keenly cutting edges. After being 
pounded iu a mortar it may be divided 
into powders of different degrees of 
fineness by being sifted llirough lawn 
sieves. 


this respect differing from sand. Otlier'^ 
wise the operation is the same as before, 
the emery being always kept moistened, 
and replaced when worn out. The 
grinding is continued until both tlie 
neck of the bottle and the stopper 
acquire a uniform iiuis^ of a moderate 
degree of smoothness:, ainl until the 
st<»pper fits so accurately that no shake 
can be felt iti it, even though it be not 
twisted iu tightly. 

Tubes, sealing.— To seal tube^ ’ 
heriiieticaliy after gases have been 
admitted under pressure, the following, 
arrangement w'as employed with com- 
]dete success:—The cxjierimGutal tul»e 
A is joined to a 'J'-piecc B, the lateral 
limb of which is constructed, as shown 
iu Fig. 283; a glass plug D is ground 

A 





Stoppers, fitting*. —Very few 
stoppers properly fit the bottles for 
which they are intended. The stoppers 
and bottles are ground with cojtper 
cones, fed with sand and made to re¬ 
volve rapidly in a lathe, and the 
common stock are not specially fitted. 
To fit a stopper to a bottle that has not 
been ground, use emery or coarse sand 
kept cuiistanlly wet )^ith water, and 
replaced with fr<*sh as fast ns it is 
reduced to jM>wder. Wlion all the 
rurfiice lias become equally rough, it 
is considered a sign that the glass has 
been ground to the proper shajie, as 
until that time the projecting ]>art3 
only show traces *of erosion. This is 
the longest and hardest part of the 
work, as after that the glass simply 
needs finishing and polishing. For 
that purpose emery only^can be used, 
owing to the fact that the material can 
bo obtained of any degree of fineness, in 


A 


Sealing glass tubes. 

into the tube at E, and serves the puf- 
po-ic of a valve ojiciiing inward. When 
gas under pressure is allowed to enter 
the tube at G, the valve 0 |)ens, but on 
removing the pressure from without it 
at once closes ; the escapi^ of gas from 
A is thus prevented, and the tube may 
be 'sealed before the blowpipe at 
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Wht>ii tlie tiilx* contains a the 

phi" should he midstoned witli it ; tins 
will ]»rt’vent the i*M‘in>e (tf ^.is wliih: 
tlu: tube is beinc; scaled, even tlumscb 
the docs not fit very a<’curatcly. 

In the absence of any liquid, greater 
care in grinding the ]ilng is required. 
The tube K serves for tlie ;u]niission of 
]i()uid into the exjiorimcntal tube in the 
hist instance; it is then closed, and at 
the end <tf the e.\periineiit it is ojauicil 
an.! tlie contents of the tube arc re¬ 
lieved. The rc'-t of tlic ajq>aratus is 
*bus keid. intact, and may be used 
repeatedly, es]iccially if the tul>c at II 
IS fairly long (A. llicbardson, in 
VJiCm. At'trs.) 

Modelling and Plaster 
Casting. 

Modelling in some jilastic material 

is the first step in learning to execute 

work in more solid materials, such as 

Wood* and stone. "tVitli a plastic snb- 

stuicc, such as clay, it is possible to 

Correct errors aud introduce improve* 

incuts while the d(*sign is in course of 

development, and various ideas can be 

worked out easily and ra|ddly in a 

preliminary manner which will indicate 

vevv faithfully what the ellect would he 
* * * 

in Wood or marlde, ]aipier imudu or 

leather. Moreover, when proper <day 
i-'^ Used, the model itself may be baked 
and rendered ]>erinanoiit. 

The Worhshop, —Th(‘ j'ooiu or work- 
iWtop where moilelliug is to be carried 
on should he reserved for that purpose, 
or a porti(« of a room may lie so used. 
Thu iloor should eitlier be bare boards 
or covered with oilcloth. Under a 

window should stand a firm table, with 
the light falling on it citlier in front or 
*'n the loft side. This table will he 
surmounted by a slate or stone slab, or 
by a wooden stand on which the clay is 
nmiiipulatcd. A slab is ]>referable to 
Wood, as being*unafrectnd liy the mois¬ 
ture exuding from the clay. When 

ft wooden stand is used, it may take 
the form shown in Fig, 2d4. Tliis i** 
Wade of oivlinary deal, tlie sides being 
welT clampe^ to ensure rie;idity, and a 


C0M[de of coats •t>r ]‘aint or v.'irnisli 
being apjdioil all over Jis a )ir(‘servative. 
d’hf working face a wdll be much im- 
]pi*oved liy laying a piece of school sl.iti* 
over it. The djmou.^iou.s of n must in 
some inea''UU* <lej)eiui on the work in 



! hand, but about 2 ft. from side to side, 

1 aiul 1} ft, from ti>p to edge are 

average figures. The height above ihu 
Iloor should be such that the work to 
be modelled comes level Avith tlie work¬ 
man’s fiu e, stalling. A ha»uly ai'ee^sory 
to the modelling sL.ind is a miniature 
, turu-tahle carrying the slate; a jnece 
of board with a jun attaelied to the 
ba(‘k, fitting into tlie hole in <i will 
, answer the jmrjioso, and great 1\ fneili- 
, lafes gelling at all sides of the object 
, umler tri'atmeiil ; but it has this dis- 
; advantage, that a certain dcgrci* <if 
' inslalulity is intiieluced ; shite on tin* 
j moiieiling stand ui.iv be replata*d by 
CppveriiiL'' tlio latter with sht'ct lead or 
, zinc, anything in fact wliich w'ill not 
tsorl) moisture. 

The MateriaL — ((A Votterv Cluv.— 
! Many workmen employ orilin.iry hlno 
! clay sucJi a.s is use*! for making cartlien- 
! ware, and commonly knowui as kaolm, 

I This may he jiurchasod at flic ]daces 
j where it is dug, in Dorset, Dev<ui, 
! Oornw'nll, &c., or from judiers in any 
piii't of the kIiig<Ioin» In large quan¬ 
tities it costs about "M. a ton; in lesser 
! parcels about 4-rii». a cwt., and in still 
i smaller about !(/. a lb. Uut luit less 
' than i cwt. is of any service, as its 
weight is dPs]>roportionatfty greater 
I than its bulk. In quality it should he 
as pure as possible, not grittvi and 
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cajmble ot‘]«.*incc I'jvi'Jy workt'.l. ('oldur 
is no guide, lieaig duu to the preseiire 
or :i])sence ol‘a snuill ]H'o]u>rtion of iron, 
and var\ ing ne<(»r<imgh iVuin :\ rotldihli- 
brown to n jjait'-grey tint. When pnr- 
cliased from ilt'.ih'rs .it about JOn. i\ 
cwt. if should be in a fil slate for luse; 
but when liought at the jut or (Voiu the 
jiotter it A\ill 1 m» in IIk* rougli stale, and 
must uinlergo a refining proeess Ijofure 
; 4 »|tlication. 

This refilling |troee^s ciuisi.^ts in m'I'v 
carefnllv cutting tin* mass uji by inoan'^ 
of win‘S fitted in handle.->, wiiieh will 
reveal the ])reseii(e of anv coarse or 
grittv ]?artules. Or it may be sub¬ 
jected to a thontugh lu'aling uitli an 
iron bar, all ibreign matiM'rt being 
Hieked out as discovt‘i(‘d. This muT 
be iblluwed by a kneading liroee.^'*, 
\>herebv its (Nuisi-vtenev i> rondeied 

suitable and bomogeneou>. Suif.ilulitv 

«« 

in this case uumu^ soniew hat solr< r Ilian 
putty. So that it can be freelv and 
readih worked aiid 1‘oimel by the 
iingers. If it }eM‘ome> t<»o suit, this 
can l)i‘ lemediejl by leasing it <>j)eu to 
the air for awliibs when it soon Joses 
jiart of its moivtnre; if too dry, it 
must be liroken up in water and rc- 
kneaded, unless adding a little water 
aud ftdding a wet ch*th rounii it will 
sufliee, as it sometimes di‘es. The 
ailditiou of a little fine saiul well in¬ 
corporated with the mass fatilitates tlie 
working, <‘sjje<ially in large objects. 

Having worked the <d.iy into go<Ml 
condition, the next thing is to ket'p it 
so, whieli siinjdy means jtreventing it 
from drying. Kotldng answers tlie 
])Urpose hotter than f* ebu<*tl earthen¬ 
ware ] an of a eajtacity of f>-7 gal., 
which can be furnished witli a woodtm 
cover, and at the liottoin of which a 
little water is put. Here the clay will 
reiuaiu soft Jt>r many weeks. K\ou 
when not in us<^ clay slioiild never )>e 
allowed to get cpiite dry, but nlway.s 
jiut in the pan with wafer and wmrked 
np. The more it is uscil the bettor it 
becomes, getting sensoiu'd as it were. 
As boon >u a model is* done with it 
should be broken dowui into walnut- 
sized pieces, very carefully exanxined 


for jtossible inipuritios, and put to soak 
at on< e. Tlio same rules as to moisture 
hold good in the unfini.shcd or finished 
model as in the original clay. With*mt 
application of moisture the clay will 
qiiiikly dry, the mm{uc 1 to wdiich is 
blirinkage and crac kfT The remedy i'> 
to occasioualiy s]a*inkle the model wdtli 
water from a hnish or spray-bottb* 
wliile at Work on it, and ti> ahvnys 
kee]» il Mirromulnd by a imdst envelope 
when not at work on it. This envelope 
u.suallv takes the form of calico no.\t 
the model, and eonrsev more absorbent 
cloths outside; and Avheu it is desi¬ 
rable lud. to allow' contact between the 
envelope and tiie niodid, the latter is 
]>roteeted by a slight wuuhIcu fraino- 
work, or]>v inserting little sticks into* 
the xnodel wdierc thi‘v can d(» no harm, 
aud holding the cloths off h> tlieji 
projf*cting ends. As an extra ]»rc- 
caution, a W'aterjiroof material luav 
lorm iin outside cov4*ring as it will 
moie elici t ually jirevent evaporation, 
<diang<‘.s of iemperalure shiuild be 
guarded against, and especially ex¬ 
tremes whetlier of heat or cold. 

(/>) rijipclay.—Wncli the same cmi- 
d it ions ai>ply to pipeclay as to china 
clay. It may be obtained of plasterer^ 
ami jfijiemakers, the latter being Ics-' 
likely to Cl ntain fragments of plaster of 
I’iiris, fur whicli it must be carefully 
examined. 

77(c Ttol.s. —The tools required are 
of the simjilest de.scri]»tion and may all 
lie made at home, or# purchased froW 
edge-tool deali*rs. Those made from any 
hard close-grained w’ood si|di as pear, 
are just ns good as more expensive 
ax-ticles in bone or ivory. Fig. liSo 
a elnsel-sbapod tool with a bent point; 
Fig. ‘J8fi, a flat blade with one edge 
smooth and the other serrated; Fig* 
1'87, a doulile spoon-shaped or bent 
sfialula; Fig. 288, a combined sword- 
bl.-ule and pointed spoon; Fig. 2811, an 
oblique cliisel edge and* sharply ciirv'^d 
s]ioon bowl; Figs. 2!10, 291, flat howls 
for roughiug out; Fig. 29!^, a com¬ 
bined bent point and'toothed blade; 
Fig. 293, a wire tool; Fig, 294, s 
toothed rake of brass wire, which ih */ 
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1)0 in seven III sixes, fruiii K in, to <> 
in. aoi’nss the edi^e «. i\ 

l(an(lle<( hlade of ilafieneil brass wire. 
All the wooden tools can be easily cut 
out of jicarwood with a pocket knife, 
and iinished with a ras}) and tine sand 
^t.apor. They are^yiainly de^tined to re- 
]>Iace the inodeller’s thumb where that 
cannot be used, and the cliief thins^ to 
i^iiard against is the ocenrrenro of jioints 
or sliarp edges. A few odd pie<*es of 
pearw’ood at hand will always enable the 
inoileller to cut a new tool for any j)ar- 
ticular ]>icee of work in hand. "J’hc 
hini])lost is tlie best. Other ncces.saries 
will he a serrated straight-edge about 
18 in, long for smoothing batkgronmis, 
a tine sponge, a jtlunimet, a ]tau* of 
.<*allij)crs whieli will embiaee the 
shoulders, and a ]iair of ^*olnJ>asse^. 

T/tf 0/tC7'tition .—Select a very sini|do 
image on wdiioli to try vonr pi entire 
hand. l*lacc it at a eonvenieiit heiglit 
level with the modelling table. Tro- 
]»arc « foundation of the necessary 
thickness, taking great, care to work it 
into a uniform ami coherent mass. 
Level it true with the .str.uglit-edge, 
and place temporary strips of wood at 
the sides, as a guide. From the mass 
carve aw'ay very graduallv, by a.seraping 
motion, from the necessary jmvts so as 
to create a broad general resemblance 
to the selected object, always avoiding 
taking away too uinrli, and fietpiently 
checking dimensions bv the compasses 
and callipers. It will only be afler 
miune practice thjjt tlie eye will be able to 
grasp the essential features, and detailed 
work shony not l)e attempted till suc¬ 
cess attends the ofVorts imi'ie in i>idder 
subjects, 'rio* most important ]M)iiit is 
to so w'ork tliat the a\ lude operation 
kIkiII (‘onsi.st in cutting nwnv, and a\oid 
i»a\ing to build up. Addeil portions 

will rarely have exactly tlie sameconsis- 
• ** 

teiico as the body, and unless very care¬ 
fully attaclied will he insecure, Stdid 
objects, such an animal images, busts, 
wdll be the easiest to commence on. 
Foliage and articles of tine texture are 
much more difKcult to imitate. 

The first step in laying the foundation 
is accurately sketch thp outline of 


the jtroposed cdiject on the modelling 
board, by means ol' petuil or (raynii. 
t'ornmein-o wutii clay that is fully soft, 
and always avoid retaining it too long 
in the hand, as it thereby .soon diie.s and 
loses its <-ohesion. Work the clay into 
little rolls and lav it on bv holding the 
roll in one hand and pre.ssing the clay 
into place with the other. The cliisel- 
.shapud tool is einjiloycfl to kee]> the 
clay correctly to I he jiattiu n, and the 
greatest care must be exercised tt) ]»ress 
it ])eifectly down and [uevent any nir 
bubbles nr otlier linjiediinents ti* :ibst)liitc 
adiiesi*)!! between clav and board. The 
foundation must be finislied all over 
licibre any building np is attcmpteil. 
'j'his refers, of cour.se, to flat wtuk, such 
as panels, which are afterwards to be 
co]>i('d in wood. Wlieii m.aking additions, 
it Is vej'v essential th.it botli surfaces to 
bo joiiUMl should he soinewluit softer than 
the bulk. 

Afoifi'llhhf in i.s better adapted 

for smiill objects. The material consists 
of wa\ slightly coloured by the addition 
of a pigment and somewliat softened by 
a solvent. A good rc<‘ij)e is ti;tid to be : 
-00 parts clear wa\, ‘JO Venice turpen¬ 
tine, l.‘l lard, and 145 pn!cij)itated l*ole, 
mixed an<l w^ell kneaded in water. Hut 
many prefer to purchase prejiared w’a\ 
from an artists’ colourmaii. Tlie fools 
n>ed are the same as Ibr clay, but 
smaller, blunter, and generally of bone. 
Tbe operation consists in building up 
rather Ilian cutting down ; and the 
chief precaution is to keep the tool 
moistened with water to ])revent adhe¬ 
sion, Consiilerable practice with clay is 
a good ]>rclimiii.i’ijr to trying wax. 

/Vus7cr Caslufff .— (I) Tiie nuxirl fof 
clay or otherwise) is liist coxered with 
a l.'ixerof good ]d.istei’ of I’aiis iiiiAcd, 
or ‘\ganged,*’as jdastcrers call it, to the 
consisttMice of batter, ami lidoured with 
a little re(l or yelbnv ochre, 'I'his layer 
should aviM'age about* J in, tliick. It 
i.s best a])|>lied w ith the pewter or metal 
spoon used to mix the plaster with. 
The plaster is mixed in a basin half full 
of water, into^vhich it is i^rinkled by 
the hand, ns oatmeal is sprinkled in 
making stirabout; when the jdaster 
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roaclios thft surfaro ^of the water, it is 
about snilieient, hut. experience soon 
teaelo'S the ri;^ht jiroportion. Tln3 
mixed ]*]a'ter be jerkeil by a dex¬ 
terous iw i^i (if the spoon into tlie deo]> 
iinderi lit pl.iees, ;jnil care inu!it he 
taken imt to inclose Inihhh'.s of ;nr. 
A praetieai lumihhu* woull place the 
clay slab iii a vertical position, as lie 
would seetlie. pioeess of Ills work better. 
A large inotlel would ie<iuire beveral 
mixings (jf plaster, as when the plaster 
he-^ins to set or harden, it is useless for 
moulding. When the iirst coloured cnut 
of pla.st«*r IS harden'd, a war'll of (dav- 
water .should lie ajiplied ne.irlv all over 
it, and tlic Sfcoiid coating, u hieh may be 
of coarser stuH, put on t'l tlie thickness 
of about I in. if tlu! mould is vry 
large, some sfri]>s of iioii nail rod, ^ in. 
s<|u.ire, may bo imbedded in the hack of 
tile mould to jin.Went warping. When 
the nioiiid is set liard. it niusf he turned 
over, and the ehiv jiirkel out. If the 
uork has been modelled on :i hoard or 
slate, or best of all, oil a pla.ster slab, it 
mav be uiM-ess.irN to oa''.s a \Mre between 

j f i 

tlujclay and the liojird to sejianite them. 
AVhen tlie mould lias iiccn well cleaned 
and ■washed x\itli a .soft brush, it .should 
be soaketl ni a tub of xvator until quite 
saturated through ami tlwough, drained, 
hut not wijied, and a snilieient quantity 
of .supi-M'linc jthister, carefully inixetl, 
jioured into it, and, l>y moving the 
inoull Tihout, carefully ilidrihuted all 
ov(‘r. d'liii may he. hackcfl with coar.scr 
jdaster, and strengtlieiied witli iron 
rols, which in tliis case sliould be 
jiaiute-l or coated with a varnish of rosin 
and tallow. When th ? ea.st is set hard, 
tiu* most diilicult p:irl, called knocking 
out,” begins. A light mallet and a 
carpenters' lirmcr (diiscl, liy a few 
dexterous strokes api>licd ujxui the edge, 
will separate the coarse outer ha<’kmg 
of tlie mould, prevented from the wasli 
of clay wafer from .adhering to the first 
colouicd layer. The cast should then 
be jdac^ed upon a soft elastic bed—an 
empl.y sack foMetl is as good as any— 
and by ge'“tle. taps, howling the chisel 
perpcndicuhirlv or nearly .so, to the face 
of the ^YolkJ the (adoured jdasfcr iuaj 


he .snapped olT, sometimes in large, somn- 
timos in minute jiieces, the colour jire- 
venting the operator cliipping away the 
best part of his work, ■which may happen 
when mould and (‘list arc of one colour. 
A chisel 1 in, or more broad may be 
iisi'd for the first rou^di work; .smallei; 

! Mill be required for mdicate parts. 

A ligure in tlie round mav benuuilded 
l>y the sani(3 jirocess, hut the mould must 
be in two jiarls. A f-trip of clay 1 in, 
or .so wide must be fixed all round thd 
! elav tigure, to he removed when the 
j first hall of the mould is doi^^}. TIiiT 
! edge of the first lialf must liave sunk 
holo.s, m;\de by any convenient steel 
modelling tool, to ensure tlie fitting of 
the two halvesof tiift mould. Ih'ojeetiiig 
limbs must he cut ofl‘ with a line Mdve,_ 
and ca.st separately. Jfan iron .snjiport 
enters the hai’k of the model, a little 
clay must be put lound it, close to the 
Tmxlel, to enable tue iron to bo drawn 
tiiroiigh the intuild, and the hole in tlie 
1 mould sfopjiel up witli plaster The 
two parts, carefully saturated and hound 
fogetlier, may he about half-filleil with 
well-mixed superfine jdaster,as thick as 
cn'.'iui, which, liy carefully turning and 
ineliuing the nnmld, can he made to 
covm* the whole of the mould, leaving a 
large hollow to he filled with a coarser 
plaster, in Avhieh a painted iron rod may 
be inserted, (jlood jd.ister smells sweet, 
sets in 10-20 minutes as hard and as 
crisp as loaf sugar. Ihid ]ila.ster mucIIs 
of siiljihiir, and never .sets hard. Be- 
ginners inu.st make sin’^e of their nmt^ 
rials, iiml even then should try their 
hands on unimportant worl^., 

Small reliefs maybe nuuiMed in xvax. 
A hord(!r of clay or strips of wood a 
little higher tiiau tlie highest part of 
the model inu.st be fixed all round, and 
imdted beeswax with a little rosin and 
tallow added, jiourcd over the clay. 
When the wax is cold, and the clay well 
washed out, Rupi^rfiiie jilastm* can be 
Jioured in as into a jdaster mould. The 
wax is afterwards melted off or softened 
before a fire and jiceled off, to serve 
again as often as you ple:«,sc. Hands and 
arms, and leg.s and feud, can be easily 
inouldeil in jda-ster, care being takeil to 
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”rfa.«e <»!■ mJ tluj skin W(*1L 'Phe oufsiilo. 
of fhc moulds may Ihi d<H*jdy s<*oj*<*d 
before the jilii'^ter sets, so as <o brcnk 
ofT inconvenient. piei;os for to¬ 

gether Again. 

In taking tlic (•a.‘'t of the face of a 
living subject (or victim), he or .slie 
' sliould be idaceiV^itting in a cliair as if 
about to be shavtMl; tlie skin cari'Cnilv 
gri*ase<l, tlie liair and eyebrosN s smoothed 
down with elay or so|t soa]i and su])er- 
, fine plaster, slightly eoloured witho< inv, 
mixed in warm water, dexteromly 
splashed over the face with a silver 
*sj»oou, (;are being taken t(» leave the 
nostrils fire, Tiie nnmld should not. be 
quite J ill. tliiek* and ma\ be Ijiitken off 
in two or three jueees^ winch can he 
afterwards Joinetl. 

(‘J) To preji.ire Planter of r.iris.— 
Immerse the unburnt g.Np^nin for IT* 
minutes in water containing S 10 jn-r 
cent, of sulpimrie aeiil, and then cab nw 
it. 1‘repared in this way it sets sJttwly, 
hut makes exeelient casts, which are 
perf!ctly whip' inst<*ad of tlie u^iuil 
greyish tint. 

(■*») Transparent Ca.st<. — Bt antifiil 
semi-transparent casts of fancy articles 
may be taken in a compound of '2 
parts unbaked gypsnm, I of Ideaehed 
boeswa.v, and 1 td' parallin. 1 hi> be¬ 
comes ]>lastic at l‘J0° F., and is quite 
tfiugh. 

(4) To touglicn Casts.—Immerse in a 
hot solution of glue long enougli for the 
mass to he well .saturate<l. Tiie\ will 
b<’ar a nail driven in wit limit <‘raeking. 

* (5) Meudin^Models.—S.unlarac v.ir- 

nisli is the best material. Saturate the 
broken stil'faces thoroughly, press them 
well together, ami allow them to <lrv. 

(0) Plaster TiToulds. —(ilyeerine is 
F.aifI to he a good coating for the interior, 
but practical plaster mmilders still use, 
as of old, a mixture of lard and oil. 

(7) With small Modtds.—For making 
small models in plaster, gelatine is 
generally used. Good glue, mixetl w'ith 
treacle or glycerine answers every pur¬ 
pose. Tl^e composition that the ‘‘chro- 
mograpK^* is^niade of will answer very 
Weil. The model is immersed in it, and, 
x^lieu Coo], a cut is made with n sharp 


knife, and the elastif; nature of the com- 
j>o.siiioii allows flM^model to lie taken out. 
Tlie mould slioubl he gri'aj'cd before the 
]daster is jioured in ; when set, it ia 
e\trael(‘d in the same manner as the 
original model, l.argt* tigure:^ are ))oured 
in I'l.i^ler moulds; these are inado in 
j>ie*'L'‘^, which arc lilted togctlicr wdth 
woinleu j>egs. Tiie p<‘g is inserted iu 
one j>i<*re holbre the plaster sets. This 
piei c is liimmed olV, in »tr<ler to prevent 
tin* w'et pi.idel adhering to the next 
piece; ilo* bitter should he greased 
with bird; tlie wlude <d' the mould is 
ihu'' limit up <if pieces. In pouring flic 
inoilel, piet'cs of w'ood or wile should lie 
placed in tin* legs or amn- lo strengthen 
tiieni. To cast hra^'S in jdaster, the 
mould should be ]ire\iously made hot, 
xvhiiii might be bilal to the stability of 
(he jd.ister, 

(S) To make casts or moulds of ]>Ias- 
ter of Paris iVom metal types, xvithnut 
air-bubbles or ‘"-pieLv,” me the iinest 
and purest ]ilaster of Thins obtainable. 
\Vhen tilling a mould, b‘arn to bear, up 
the reiinisite quantity of cTO im (piickl)", 
ami with e.in' to avoid m.iking it too 
thick. In ]iouring this in, use a good 
camels' liair Imish to ilisj.laoc air- 
huhliles ; a meie Mirf;n‘o cijver of this 
thin ereain is all tli.it i.s recjnisite. 
Wliile doing this, h.ne ready thetlii»‘ker 
jdasler, of llio coll^islencl^ ot light-Mrup, 
and till u|) tlie mould at once. Jn about 
minutes yon can open the mould, if 
your jdii'^ter is pine and has been ]iro- 
perly miM'd. If yon <Io md put too 
much oil on tiie tyjie, and have used 
your luush ju’operly, you will lind 
clear, sharp moulds. 

(b) Metal nt^y be <‘ast in moulds 
made of plaster of Ihivis ami tale mixed ; 
or of pipunded pumice and ]da.ster of 
Pari.s in equal <|uantities, mixed with 
washed clay in the same jiroportion. 
The moubl must be heated x^ery hot 
when Used, if the c^^'l is to le made of 
i'opj)er or brass, !)ut a less degree of 
heat will serve bir lead and tin. You 
mav salely nse jd.ister for zinc castings, 
taking the j»i*eeaution of thoroughly 
drying tlie ^rarts of the •nould, c.g. in 
th*' kitchen-range oven; care, liowevcr, 
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must Likon ii<^t. tr) uso tooiiuirli 
or thi! will !»• huriicJ—ns 

much ns is unpli*:isniitly hot. to thn 
Imnd. The zinc slnuiM not be Imiter 
than will ffJvc it, snlticicnt iluniitv for 
jfouring. Jn tills way 4 (m* b j^ooil 
cristhies inav be taken, after whicii the 
niouKl ^ets cracknel ainl scales on the 
surface; thi'- sj>oiK it for line work, 
but. is of little conseciiu'iun! for battery 
zincs. 

(h*) III many rases it is advisalib* to 
]>resr*i*ve cojiies of small cirve.l objerts 
for inture use, ami this is c.isiU doin* liv 
takiin.^ a plisti'i* last <»r the work. To 
take an inij)ies-'ion of tiie oljjcct of 
whicli a cast is desiietl, a M!b^ta^ce 
known as s«jiuM‘/e-wa\ is useil, an»I this 
IS in.ele <»t‘ the fcjlhcwiicj; in*.;rc*iliciits, 
viz.: II lb. flour, ,} lb. best bees\va\, 
A lb. linseed oil, nn.l a small c{uant]ty 
of ronoe; these shoiiM ho thencun^lily 
mixed tc^iijc'thcT, ami then exposed to the 
aii\ Shonl I the* s(juec*/.c‘-wa.\ heconie 
hard at any time, it may easily he 
sciftcned j>v slightIv warmiiiir ami well 

M P * * 

kueadin*,^. In takini^ a cast, tlie w'ax 
should be xvell jnessed into every petr- 
tion of tlie work, and then gently w'ltli- 
drawn, the inoiibl thus formed bcin‘.f 
tilled with jdaster of I'aris, the plaster 
haviniLC hemi mixed witli w’.iter until it 
is of the foiihistence f»f creani. After 
standing for a few' lionrs the sejueeze- 
xvax call he taken off, leaving a (;o])y of 
the earring in plaster, (’are shoiiM he 
taken to obtain the p1.ist<u' fresh, as 
aft(‘r Ix'ing exjKisfd to tin* air it loses 
some of its }troperties, and does not 
hard<*n well. Tin-se remarks on taking 
plast(*r-casfs apply only to small objects 
that are uol deeply iifidenait ; larger 
c.’ists, an I casts of .sniject’, carved on 
more tiiaii one side, arc* taken in 
.sc’ction-, 

(11) Anatomical Specimens. — Pre¬ 
pare the sjjecnnn ii by making it as 
clean as jxi-silile; ]ilace on oilcct pajjor, 
ill a position tlial w'lll show it to advan¬ 
tage. Soft [U'ojections may be hebl in 
])osition w'itli threads susjteiided from a 
frame or from a heavy cord stretched 
across the ro'.*m. Parafliirinelted on a 
water batli is pijintel oyer thp pH'parft- 


tii»n W'ith a soft brii.sh, the lir.st layer 
being ]>ut on with single and (juiek 
strokes, tliat the rapid cooling of the 
]>araflin may ind <‘aiise the brush to 
adlicuv to the pre]Kiiatloll, thn.sdrawing 
the soft t2.ssnes out of jdaee, until the 
mould is formed about ' in. thick : nil 

“ I 

undercuts must he wVd tilled. When 
tlie mould is hard it can ha readily 
sejjarated from the preparation; it is 
then w’cll washed with cidd water. Stir 
tine di'iital jdaster into c*idd water to 
ccm.sistency »f creeun, ponr into the 
mould and out again sevcn’iil times, mi 
that 1h«*ie will l»e no air Imlilcles on the 
.surf.ice, tiicn till the mould and let it 
slaiid until hai’ii. Place tin* W'liide in a 
^es^el containing healing water until 
tile jiaraflin is all iiodtcMl ; wash with 
clean boiling w'atcw. When the cast is 
Ihurouglily dry, it may be ]iainted with 
0,1 cspjour.s }»v coaling it lir.st with 
sliellac v.irnisli. fasts of any part of 
the body may lie made from a living 
subject, if the ]iarts are not too .sensitive 
to bear the heat of the jinrafliii, wliich 
vaiic'* from lt)4'' to 14-0^ K. 

(12) Natural (>ltjt‘(',ts.—^Taking plaster 
ca.sts of natural objects istlnis ex}dainecl 
by Prof. Boyd Daw'kins :—The material 
of the mould is ai.isth’ mudeJling wax, 
whicii is a compositiou akin to that used 
bv dentists; and as it becomes soft and 
plastic by tliC apjdicNitiou of he.it, though 
in a cobl .state ii is perfectly rigid, it 
may be applied to the most delicate 
object without injury. As it takes the 
I most minute markings and striations of 
' tlie original to whiih it'is apjdied, tlie* 
microscopic strindure of llie surface of 
the original ks faitlifully repfoduced in 
the ca‘*t. ^J'he method is hrieflv this 
• fover the ohjec't to lie cast with a thin 
pccwdcr of steatite or French chalk, 
wliicli prevents the ndlic^jon of the wax*. 
Aft(*i* the wax lias hu<‘onio soft, either 
from iinincr.sion in warm water or from 
exposure lo the direct heat of the fire, 
a])ply it to the original, being careful to 
]iresK it into the little cavities. 'I'hen 
carefully <nit ofi*the edges of thp wax all 
round, if the undcrcutting^of the object 
necessitates the mould being in 2 or 
inori' pioce.'i, and Ipt tin* witx ciJpl wjyi 
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ill it, until it is sufticicntly 
har<l to l>par rrj>etitic.m of the ojieriiliou 
on the tiMriM eiT'l ]M>rtion of the ohjert. 
The Meatltc prevents the one ]oere f»f 
the nnmhl .sticking to tJie other. The 
original ought to he taken out of the 
Tuonhl before the latter ber»>nies per¬ 
fectly etfhl and iigid, or it will lie very 
iiitliciilt to extract. Next pour in plas¬ 
ter of Tans, after haMUg wetto<l the 
mould t(» prevent bubbles «)fair lurking 
ill the sinaU interstices; and if the 
mould ]»ein2 pieces, it is generally eoii- 
veuieut to till them with plaster .^epa- 
lately hetoio putting llnin togctlier. 
l)ry the plaster casts either wholly or 
partially. Paint tlio casts in water- 
folonr.s, whii'h must l»e laiiiler th.iii tJic 
hues of the original, becau'-e the next j 
]>roc(!ss adils to their intensity. 'I’he 
delicate shades of I'olour in the urigiiial 
will he marked in the cast bv the dif- 
feioiit quantity of the same ('(dour w hich 
is taken iiji by tiie ditlerent textures of 
the^east. Alter diwing the east, steep 
it in hard ]iarat{in : ordinary puvatUn 
<‘andles Avill ser\e tlic j)nrp<*se. Pool, 
and hniid-]>olish the cast with steatite. 

(Id) Pliotogrnjihic Plaster (’asts.— 
The following method of taking plaster 
cast.s by means of jdiotography origi¬ 
nated w ith Kink. 

An ordinary ]>iece of patent ])Iat«- 
glasfi, which should measure 2 or d in. 
each way bigger than the ^wiginal, is 
coated in the dark-room with a mixture 
made up of the following solutmu :—In 
Id oz. W'nter is disstdved 1 oz. potash 
bichromate, t?ie former being wanned 
g<‘nlly, and then gradually 2 oz. gela¬ 
tine are%dded. As soon .is the latter 
has dissolved, and t)ie solution lias about 
rcs’udied tiie simnu'riug ]uiiul, it should 
be tiUered througli tine linen into a glass 
beaker, and then jnuired xipoii tin* gla^s 
jdnie ahoxe referred to. The gelatine 
Solution is iKuired upon tlie centre of 
the plate, niut tlien drawn towards the 
margins by means of a tine brush. It is 
applied again and again until the thick¬ 
ness amounts to about 14 line. As 
jdates prcjiajj'ed in this way require 2 to 
i) days to dry, it is well to ]>repare a 
jP>od many at one tinbd JiU'i tf* pbu'c 


them when dry in a box well screened 
from the light. • The sensil iveucbs of 
tlu* plates has not been found to sutler, 
even after preservation for a pcriiMl^of G 
weeks. 

When a suitable negative ba.s been 
oltlained of the <d>jeet, and, furthermore, 
a diapositive from the negative, tlie 
prejiared plate is placed, face dow'ii- 
wards, against the eollodion side of the 
eiiche in the jirinting-fram*', and printed 
in ditfused dayliglit for a jierifxl varying 
from ID to du minutes. Tlie plate is 
then taken out<d'the printing-framo (in 
the dark room), ]utt into a dish, and 
]w)ured o\er with lukewarm water until 
the relief is fully developed, 'fho plate 
is tlien dried by means of filter-jiaper, 
and ciKited with gl\cenne (any hujier- 
iluity of tills sub>tance being also rc- 
mo\ed witii lilter-paper), a line and 
large liadger brush being employed for 
the purjiose. 

Tlie plate, which has hitlierto been 
manijmlated in the dark, may, after the 
devtdopmeut of the relief, be further 
inaiiipnlated in daylight, and tlie jjlaster 
east ]troeeeded with in an ordinary 
workroom. The manner of making the 
cast is as follow's :—In u coujde of eva¬ 
porating dishes, some alabaster gypsum 
is put, and two iiiixtures are made wilii 
ordinary spring xvater, juie having the 
consistence of oil, and the other that of 
thick cream. The gelatine mould is 
taken in one hand and a little of the 
thinner ]daster liquid is poured upon it, 
the mould being at the same time tajqied 
xvitU the open hand fiom the Ix^ttom, in 
order that, no air-hubhles lie formed. 
After this the plate is ]d.iced horizon¬ 
tally upon a taTle, and the t bicker jiaste 
IS pouu>(| on, making a iilm 'j to A in. 
high. This bitter, after it has stood for 
Ib-IH hours, is caiefully separated at 
the edge with a knife, and by employing 
a little force the cast is removed from 
llie mould. This {duster cast may be 
oni{)Ioycd for many juiri«ises, and xvill 
seive for taking a casting from, with a 
metal fusible at a low teinporaturo. 
With amateurs and pliotocrajdiers, such 
a proceediuJ is, how evei7 dithcult, and 
if ft metallic cftst is jTunired it is best to 
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spiul tlio [>last<»r one !<» :i tv|K!-fotui(l!*y 
or similar rst.iMi^hiu nt. Rett^nc'hiiiij 
may bo doiio if necessary \\itli a needle 
upon the ]>la.'^ter cast. There is not so 
much diflicully in takinij: metallic casts 
from the plaster moulds. It is only 
ne(‘essary to thoroujjlily h.iko tlie cii*ils, 
and while still warin brush over with a 
little w:i\p (/wo/. JAv/i.) 

(It) dusts that cau be iruy/icJ.—The 
]n'i/e oilored by the Prussian MiuiNler 
of <V>iniuercc and Industry for a melhoil 
of ])re}i.inn^ phi'^ter ca-^ts that ]»ennit 
of belli" washed was conforretl upon 
l)r. W. Ihdssig, of Darmstadt, Fivtm 
Dr. lieissig’s e^say c»n the suliject tlie 
following jHiints arc ahstra<*ted :— 

In ]»rej>aring tliose c.iftts it is not 
only desirable (<i obtain a surface whicli 
bhould not wash away, but also to include 
a simple process Ibr prcveutiiig dust 
entering the pores, and render them 
more easily cleauscil. l.alMirious e-\peri- 
nients showel that the only prai'tical 
method of iU'<'oinpIi.Oiing this and re- 
tiiining the bharjmess of outline was 
to convert the lime sulphate into 
(1) baryta Milph.ito and caustic or car¬ 
bonate of lime, or (2) into lime silicate 
by menus of jpotash silicate. 01ij<»ets 
treated in this wav are ind ailected hv 
hot water or liot soaj) solutitcis, hut 
from tlie method of jirepaiMtion, they 
remain poious, eatcJi dust, Ac., and 
Avhen tirst put into w liter eagerly ahsoi b 
all tlie iiiijiunties. To avoid tliisevil, 
Kiihse<im‘iitly co.it the arliides, now ren¬ 
dered waterjiroof, with an alcoliolic soap 
solution, which jienetrates more easily, 
fleeper, and more freedy into the pores 
than an aqueous sidution. After the 
alcohol cvaiiorates, a laVer of .soaji re¬ 
mains, wliicli fills the pores, ninl whm 
w’ashed it is converted into ii sud which 
remoA’^es the dust Avitliout allowing it 
to ju'iietrute. 

(u) Process with Baryta Water.— 
This is the simplest,easiest, and cheapest 
method. It depends upon the fact that 
gypsum, or lime suljdiatc, is converted 
by baryta water into Iniryta suljihato 
(wliich is totally insoluble), and caustic 
lime, which llSPtter is couvoTled by con¬ 
tact with the air into lime carbonate. 


I The practical method of carrying iJiis 
out is as follitws : —A large zinc vessel 
is required with si tight-fitting cover. 
In each vessel is a grutmg made of strips 
of zinc, resting on feet IJ in. high. 
ThisA'cssel is filled with .soft water at 
to 77® F. (12® to 25® C.), and to 
cA'ery 25 g.il. of w'ate<'* is added 8 lb. 
fused or 14 ib. crystallised pure hy¬ 
drated Itarium oMdc, also ()‘G lb. lime 
previously slaked in water. The solu¬ 
tion stands abmit 4® lieek (1*0241 sp. 
gr.). As soiui as the baryta water gets 
(dear, it IS ready to receive tiic casts. 
They are wr.i]q>ed in suitable places 
wifli cords, and sifter removing the 
S(,um Iruin the baryta bath, are dipped 
ill as r.qudly as jiossible, face fir.st, 
and then allowed to rest upon the 
grating. 

Ihdlow casts arc iiist saturated by 
iMjiid motions, then filled Avitii the solu¬ 
tion and suspeiuleil in the laith W'ith 
the o])en jiart ujiwards. After the cords 
are all secured above the surface of the 
liquid, the zinc A’cssel is covered, fhe 
easts are loft in it for 1 to 10 i>r more 
<lavs, according to the thickness of the 
waterproof strata re(|uired. After taking 
off the cover and removing the scum, 
tlie plaster casts arc draw'U up hy the 
strings, rinsed oil Avith lime-water, 
allow'od to drain, carefully wiped with 
Avliite cotton or linen rag'^, and left to 
dry, w’ithmit being touched by the 
hands, in a Avarm place free from dust. 
Tlic same solutiiui wdiith has hern use*! 
onec can be empIi)yLMl again by adding 
a little more baryta and Time, 

Of cour.se this process can only be ap- 
]died to casts free from dust, siAoke, dirt, 
Coloured particles of water, ro.sin, var¬ 
nish, soap, animal glue from the moulds, 
or sweat from the hands. To prevent 
the casts getting dust upon them, they 
Khould he wTa]i]>cd in paper when taken 
from the mould, and dried by artificial 
lieat below 2l2® F. (100® C.). If, in 
sjdtc of cA’^ery precaution, t^he casts when 
finished show single yellow spots, the 
latter can be removed in this manner:— 
The perfectly dry, barj^tatod casts, 
saturated with carbonic .acid, are painted 
oA’^or with water and oil of turpentiuu^ 
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then put in a glnss case an^l cxpn.setl t 
the flircct iviys of the snn. 

(b) Process \\ith Silicate of Potash 
Solution.—This depends the coii- 

versinii of the linu' sul)>!iate into lime 
.silicate, an extremely hard, dur.dde, ; 
insoluble compound, and is accomplished j 
bv the use of a^lilute s<thition of potash j 
silicate containing free potash. To ])re- ; 
jjjire solution, Hr^t make a 10 jter J 
cent, solution of caustic )iotash in water, j 
heat to hrdlinir in a suitahlo vevm»l and i 
then add jiure silicic acid (free froin.i 
iron) as long as it continues dis'-<d\c. 
On standing, the ci»ld solution usu.dly 
throws do\Mi some idiililv - siliiMted 

• » • I 

]>olash and alumina. It i'* li-ft in well- | 
sto]»pered glass to .^etth'. Jri.st ' 

hcf4)re using, it is well to throw in a ; 
few hits of pure jiotash, or to add 1 or ‘J 
per cent. <if the potash solution. IlThe 
]daster artiides are \er\ bulky, this sidu- 
tioii can i»e diluted to i with pure waller. 

Tlie casts are siiicated by dipping 
tli^ni (cold) for a few iniiuitcs into the 
solution, or apjdying the sidution by 
means of a weli-ideancd sponge, or 
tin-owing It upon them as a tine spiay. 
Wlion liio <‘hemical reaction, which 
takes place almost instantly, is finislied, 
the r\{‘ess of the solutitm is IfC^t lo- 
ino\ed with .*<01116 warm soaji-water <ira 
warm solution of stearine soap, and this | 
finally removed with still wanner jnire 
water. 

The casts, which cini ho imintrsel or 
oasilv moved around, mny he tie.ilcl as 
aljove when warm; a Aery slua-t tunc 
is ruquirC'i, *lnit some experience i.s 
necessa^V, In every case it is easy to 
tell Avhen the chiiiigc U elfected, from 
the smooth dense appearance, ami by 

their feeling when scratchc‘d w'ith tlie 

• * 

fmgcr-nail. It is not advisable to Ic.iac 
them too long in the potash solution, 
ns it may injure them. A little prac¬ 
tice renders it easy to hit the right 
point. The fresher ami purer the gyp¬ 
sum and tha more porous the ca.st, the 
more nt*cessary it is to w'ork fast, 
('astingV made with oltl and poor plas¬ 
ter of Parfe are useless for Rili(‘atin<g. 
The.ve siiicated casts are treatel with 
•soaj) as above. 


In waiiluiig plaster casts prcjiared by 
either method, a cloaii soft sjiongo, 
carefully fri*ed from all ailherent sand 
and limestone, w-et with lukewarm 
w‘ati'i‘, ami wm‘11 so.ijmhI. They aicafter- 

waids washed with clean water, Tliev 

• 

(auiiot, <if course, he w'a^he«l until 
tlioroughly dry and saturated with car¬ 
bonic acid. The addition <d' some oil 
of tur)>entine to the son)) is useful, as 
it hh‘achcs llie casts on standing. Tlie 
Use of h<d. .soapsuds must la* avoided. 

(In) llai’dciiing.— Kolluwmgi.s anew 
process fd hardouiiig plast(*r so as to 
adapt it to the constructii*n of tlouring 
in ]d 1(4* (‘f W4»4ul, and t4> (nlier ]nir]M»S4's 
for winch it cannot he ust*d in its 4»rdi- 
uarv slate 4111 acci-unt of its w'ant 4»f 
liardoess and rcsislaiua* to crushing, 
,hilt4* reconinicn4lN the intimate mixture 
of (i jiarts pla^tcr of go4id ([uality witli 
1 ]Jart hnol) siftisl, rcceutly slake4l 
whill* lime. This nuxluia* is cniplo\ 4 * 4 ! 
like or4linar} plaster. After it lias be¬ 
come thoroughly dry, the object manu- 
Jacliircd fioiu it is .saturati'd wdth a 
Solution of any sulpliate wh(»se base is 
prccijulateil in an iiisidiilde form by 
lime. The suljdiatcs lM\st ada]it4*d for 
the pur])4*se, frtun every ]»oint of view, 
are thosi* ofiriui and /ine. 

With ziiu* sulphate, the object re¬ 
mains white, as miglit lie su[»])os04l. 
Witli iiaai sulphate, tin* idiject, at first 
grceni''h, finally as''umes, through 
4lesiccati4in, \ho char;u l4‘vistic tint of 
iron si“-4pim\idc. The hardest surfaces 
are oldaiiu'd with inui, and the resist¬ 
ance ti* breakag<* is times greab-r 
than lliat of ordinary pi uster. In order 
t4> obtain a n^axiniuin of hardness and 
tenacity, it is neeessavy t4» temper the 
liuRsl plaster w-eli in as brief a space of 
time as ptissilile, am! Avith no ir<av water 
than is strictly necessary. The object 
to be harthuuvl should he very dry, so 
that the s*>Iuti(iu employcil may jiene- 
trate it easily, 'i'lfe solution should he 
near the point (>f saturation, and the 
first immersitui .sliouhl not exceed 2 
hours. Jf immors4'd too long, tlie plas¬ 
ter would ltec4)nie friable. 

Tlie ])roj»ortions of lime and jdaster 
may he varied according to the resuUs 
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to be obiaincil; unvt*i'lhele«s, the pro- 
jMiiiions of 1 to ]\:\w' jriven ilie b(*.st 
rosults. 

As it is iDiportHiit tliat tiu' plaster 
slioulil not !>o spread over tlic surfaeo 
by passin*^ jiikI ropassiii" ifie trowel for 
t(M) long a tiini*, tlio fast<‘st workman 
will ahvavf) be llio best one to eTnjdoy* 
When siilpliale of iron i’^ used, the slabs 
are of the eidnur of iron rust; bnt if 
linseed oil ImhIimI with lithartje Im; iKisse!! 
over the surf:ie<*, they assuine a beauti¬ 
ful inalto^anv' colour, and otVer aeertain 
sujtertieial el.»'*tieity to the tread. If a 
coat of U.xrd co[k »1 varnish be uddtsl, the 
colmir becomes ^erv beautiful. 

On s|)readjng a l! or o*iij. layer 
limed jdaster in a room, and tri*atiu/ it 
in the way ai)ove tiescribed, is ]H'odiu*ed 
a floor whirli is smooth, and whlcli, in 
must cases, fuliil') the oflii'c (d* an oak 
floor, but which has tiie advantage over 
tlie latter of e<Lstinix one fuurtli,- — 
{^SiU\*nti, Ani"r,) 

(lit) lleduein*^ and Knlarging IMaster 
(\'ists.—Ordinary easts taken lu ]daster 
vary somewhat, fiwmg to the shrinkage 
of the jdaster; but it has liilherto not 
been iiossildu to regulate tins so as to 
produce nnv desired eliaiige, ami vet 
preserve the jirojiortioii'-. Jloger has, 
ho\\e\er, reeentlv devised aii ingeuiou.s 
method lor making I'opies in any ma¬ 
terial, either reduced or enlarged, with¬ 
out distortion. 

d'he original is surrounded uit.h 
a ease *»r frame i>f slieet metal or Either 
suitable urtlerial, aiul a negative cast is 
taken with some elastic matiTiai, if 
there are undercuts ; tlm inventor uses 
agar-agar. The usual negative or 
mould lulling })e<‘ii ohtarned as usual, 
he ])iepares a gelatine mass, lesembling 
tile iiMktograpli mass, by soaking tlie 
gelatine first, then melting it and add¬ 
ing enough of any inorganic powdered 
sul/stnnce to give it some stability. Tliis 
is poured into the iiPuild, which is ]>re- 
vii/usly moistened with glycerine to 
]»revent adhesion. When cold, the 
gelatine last is taken from the nioiibl 
and is, of course, the same size as the 
original, Jf tl^e cojiy is to We reduced, 
tliis gebitiiie cast Is put in strong alco* 


1ml and left entirely covered with it. 
It then begins to shrink and contract 
with the grente.st unifurniity. When 
the <lesired reduction has taken place 
the cast is removed from its bath. From 
this reduced copy a cast is taken as 
nssial. As there is a limit to the 
shrinkage of the gelatiiie cast, when a 
considerable reduction is de.sircd, the 
ojieration is repeated by making a plas¬ 
ter mould from the reduced copy, and 
from this :i second gelatine cast is taken 
and likeudse immer.sed in alcohol and 
.shrunk. It is claimed that even when 
rcpeattsl there is no sacrifice of the 
sharpness of the original. 

When the copy is to be enlarged in- 
•stisad of nMluced, the gelatine cast is 
]nit in a cold water bath, instead of 
alcohol. After it has .swollen as much 
as it will, the {daster mould is made as 
before. For enlarging, the mould could 
aKo be nuidc of some slightly soluble 
mass, and then by filling it with water 
the cavity woubl grow larger, hut^.it 
would not give so sharp a copy, 

StEBEOTYPING (iv. 217-28). 

While the previous article on this 
suliject conveyed an account of the 
jirocesscs of stereotyping as generally 
carried on, so much original research 
and ajiplied science is coutaineil in 
Prof, liolas’s series of ('antor Lectures 
on the subject, at the Society of Arts in 
as lo warrant a snpfdomeutary 
nrdice omhodving his remarks. 

An early method, whiim is \vorth re- 
]»roduction on account of its Rim]>licity, 
was known as “polytype.” AiVording 
T.o this, tiic ]»age type, or the original to 
be copied, is slightly oiled, and fixed 
face downiiards on a block of wood, 
supporteil, at some littb* ilistancc, ovt*r 
a paper <n’ cardboard tray, into which 
meltetl t\pe-inctal has been poured, 
dust as the type-metal begins to show 
distinct signs of solidification, the block 
carrying the page of tyjm is allowed to 
fall on the. soft metal; and on wepara- 
ting the two, a reverse or mould is ob¬ 
tained. This reverse or mould, being 
now (i.\eil ujiou tlie loner face of thui 
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dntp'blnckf is allowed in its turn in 
full on the surface of type-metal con¬ 
tained in a }>aper fra}', this nicial heinjj 
at the j>oint of solidification as lad’ore. 
The paper tray is of course crushed in 
each case, and to rei^ulate the thickness 
of the “ strike,” metal jxau^es are lixed 
alotit^side tiie ]%per tray, and in such 
)tosition that the frame or chase ctm- 
tainiiii: the orii;inaI, when down, sliall 
rest ui»on thei 

It is easy to copy this method by the 
aid of an ordinary stampino^ press ])ro- 
vidcMl with a <|ui(:k screw, Fijj. 2iJ() con¬ 
veys a gooil idea of a simple form of 


Kiirly i>olyty|>e apparatuB. 

nppavatus originally used, and which 
Was coustriKified of hard wood. The 
arrangement of parts is sufliciently o])- 
vioiis ni^thout further explanation, e.\- 
ceptlng that it may be mentioned that 
the rod carrying tlie catcdi which re¬ 
leases the block should stretch from one 
standard to the other, the catch being 
taken out of the staple in the drop-block 
by putting the wire in torsion. This 
process is still in occasional use for the 
rapid reproduction of small typographic 
ornaments <fv blocks, but in such cases 
the matrix is generally a thick electro¬ 
type cast made from the original block. 
For initial* letters or ornaments about 
in, square, there is j>rohably no 
uicker or better method of reproduc¬ 


tion than that ^of striking the matrix 
into semi-flnbl type-metal. 

At anotlier period Fiimin Didot 
adopted flic plan of forcing the forme of 
tyju: by dead pressure against a sheet of 
soft lead, aixl the matrix 4>r reverse thus 
obtained sei*\ed for obtaining printing 
jdates by the method of striking info 
semi-fliiiJ t} pc-melal ju^'t (lescribcd. it 
is easy to btam a reve^^e in soft shcet- 
b‘ati by tie tl jo*fsMirc; ami if the leatl 

matrix is idacfd in the ordiiiarv stereo- 

* • 

type casfing-hox, casts may be <il)fained 
in ordinary t\j>e or stereotype 
‘ esc alloys inciting at a lower 
temperature than the lead. In 
a similar way a Icatl matrix 
niav he inatle bv tlriviiic an 
orilinarv typo ]iuncli - way.s 
into a piece of lend, and the 
It'ad matrix heing adjusted to 
an ordinary Jiaiid-mould of 
the right body si/.c, it is easy 
to cast a number of types in 
it, wdii(‘h are about as good as 
tile original; this being often 
a very convenient process to 
fidlow when a few extra types 
are wanted in a hurry. 

ill tlic usual casting opera- 
timis it is generally necessary 
that tlie moubl in wliich the 
casting is made shouhl be of 
le.ss fusiliiliiy lliau the ma¬ 
terial cast, although there are 
rare tasesiu wliich this does 
not hold go(Mi; hut in the case of the 
.striking methofl just described, we 
have a method by whicli an impres¬ 
sion may be obtained in a much more 
refractory m^ierial than the original 
matrix. For example, an im]>ression m 
sealing wax taken from tyjie may be 
quickly driven down cm the surfaeje of 
type-metal just on the point of com¬ 
mencing to solidify, and will yield ii 
perfect cast in the alloy, e.g., by means 
of the cjuick screfv-])rc‘ss before used. 
Similarly, a die in high sled may be 
made from a silver or copper coin, if 
the steel is heated to bright white¬ 
ness, and ^le coin, ntta^ed to a drop- 
hammer, is allowed to fail upon it. The 
main points to ensure success appear to 


from It 
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l>e forniiDjr of the sto*^H>](»ck ns a blunt 
cone, so that the niiihlle shnll /irstc<nne 
in contact witli the orii^inal, and the 
jn*otection of the hot steel from the 
.action of the air till the Inst instant. 
Dies made by tliis ]>ro(‘ess are some- 
tiini'b so ]»erfectas to recall the sinooth- 
iics*? and i>orfeftion of an electrof vjie ; 
and it is no uncommon thiii£r for mints 
to send coins in order to obtaiji fj'csii 
dies for the replachifj of injured ones. 
Tlie metlioJ of mouldinj^ by slrikinsf 
into soft metal is of great \alup, ami 
those interested in inethi'ds of lypo- 
grapliio r(*pr<Klucli«»n should bear in 
mind the possilnlities of iliis inetliod. 
If, f4>r c\am]>le, numerous small sten-o- 
tvj)cs in hardened steel were reijum^d, 
they could reailile be 4)l)t;iineil bv the 
“striking” metliotl, a steel tlic (itself, 
let us suppose, ‘Struek ” from an electru- 
ty]>e) iK'ing used. 

Very nun-li of interest and iinjjort* 
ance arose out of sxperiments c.nrried 
on in the ollicc of rirmin Ihdot, in 
Paris, about the end of the last century 
and the hegiuning of thi-^. Ju the tirst 
place, the introduction of a hard type- 
metal containing coj> 2 »ei', this lieing due 
to Herhaii, at the time :t workman in 
the emjdoyment of Ihdnt, and the liard 
metal was introduced to enabli* the tyj»e 
to stand the strain (»f moulding ]>v dead 
])Tessurc against lead jilates. One of 
llcrhan’s :i!b>ys otmtaineilLead, ii5 
■jiarts; antinutny, lo; cojijter, G. 

Aimther iiotabh* outcome of the work 
in I)idot*s otHce was the production of a 
matrix by itunchiug the letters into it 
successively, a device of (Juillot, another 
workman in the serv' ^e <>f J)i4li)t. 
Guillot called his ju’ocess “ grajdiilvpe,” 
and he drove the steel tyjie-jiunchcs 
successively into a cojijuir jjlatc, this 
plate being then used as a matrix for 
casting a slcreoty]*c, Ouillot’s method 
may be regarded not only as the parent 
of the various “type-writer” methods 
of milking matrix sheets or strijis, but 
also of llerhan’s next introduction— 
the use of matrix types. 

It is easy enough to n?.ustrate the 
principle of Guillot's “ gra,j>hitypc ” by 
driving punches into the face of 'a 


copper plate, using a guide rule to 
keep the line, and then ca*‘'tiug from the 
plate in tlie usual casting-b<»x. In this 
fonn, howcA'er, it is liardly a practic¬ 
able method, but its modern develop¬ 
ments, in whit'h a kind of tyf)e-writcr 
Ls used to make a matrix out of wood 
(the end of the grain/ *^r soft paj^er, 
may perhaj)S coiiio into general use. 

llcrhan, whose hanl metal lias just 
))eeu referred to, developed the idea of 
his felbfw workman, and made it more 
]»racticablo liy setting ui> tlio page with 
matrix l\pes instead of driving the 
piniclies into a plate of cop]»pr, this 
arr'ingemeiil allowing corrections tobi^ 
made, nn<i also ensiiriug that the whole 
of tlie i)riiiting siirfaci' shall be in one 
plane, llcrhaii’s types were of brass 
or co]>pr‘r, and generally similar to the 
ordinary tv[>cs, hut in jdacc of the )»ro- 
jes ting (»r male letter 4»f our 4»rdinary 
type, was a female or matrix letter, 
just the revei’M* nf tin* face of the usual 
type. Suidi letters are set just as ordi¬ 
nary types, excejdiug tliat tliey are 
arranged in the stick and chase non- 
reversed, and a proof rati Ite taken <»n 
the ]}rcss ; preferably, however, on thin 
paj>or, such as is useil for copying 
letters, as the imjiression must be road 
through the jiajier if it is to be read 
non-reversod. Another way of tiiking 
a jii'oof is to lay a sliect of ])lain paper 
on tlie “ forme,” and over this a sheet 
of Id.ack manifold jiaper, the coating of 
whicli sets oiF on the ])lain ]i:ijH*r when 
the pressuie is ajiplicfl. The “ forme” 
Ijoing locked iij), and any large; whites 
overlaid with sjiocial quaeV'nts (or 
high (juudrats may be used in the first 
instance), it is shut uji iii a casting-box, 
and the slercoty)iG is made directly 
from it, J)idot isMn;d several books 
printcei from stereotypes made by this 
method. 

The “linotype” systetn of Mergen- 
thaler, in which a very cleverly de¬ 
signed machine brings a number of 
inntrices into a row, so that a line is 
cast, may be regarded as in some sense 
a development of the idea rff Herhan. 

Considering that, in the ca^e of 
news])a]>cr work, jninting is alwayf 
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(lone from stercMjtypes. it ^eoms to me 

tliat it would be a more reasoiiabk* and 

direct proceeding to set the matrices, 

and cast the nM|nired j)latc directly 

into the matrix forme, rather ih.in to 

delay matters by the intermediate ]»ro- 

c('ss of mouldm^. Althoui^li Iferhan 

devised excellent methods of striking; 

his matrix ty|M» (|iuckly, and in true 

register, imm the tn'ieinal-pnnclie.s, an 

engineer of the ])re.sent day conbl tlo 

better: he could design a machine 

which would turn out brass or copjier 

matrix typos about as quickly as wire 

nails are cut oil' nud headed, and tin; 

cost per lb. of the matrix tyi»e )M»ssibly 

might not exceed that of onlin.irv 
• • • 

tyjies. Again, it is (juito ea\v to nnike 
tlic matrix types ladial, so that they 
can he “made iqi” in curved ]>oxes, 
and j)lates for mtaiy mnidiines ca^t a^ 
POOH as the last lines are ^et or the tiual 
correction^ made, I (‘iinuot lielp tliiiik- 
ing that the time is not far distant when 
llivhan’s matrix tyjtes will largely re¬ 
place those Used now, and it need 
scarcely be said that the ordinary t\ne- 
setting and distributing machines would 
be as available witli these as witli tlu* 
sort of t\pp now in use. It certainly 
seems ab>urd to set a “ forme,” anil 
nutulfl a matrix from it when it is ju&t 
as easy to .set up the matrix, and to 
cast directly into it. 

The )dastcr jirocess of stereot\jiiiig 
was now established, and s(fon came 
into very general use for certain classes 
of work, and,the next great stej» xvas 
the }»aper jiroccss, in wliich softened 
paper ii|^brecd down ujiou the original 
type “forme,” and in the mould thus 
ohtainod one cast or more ran bo made. 
This has become essentially the sl(»reo- 
typing method, and has ousted all other 
processes, except for special work. 
Among other things, it has rendered 
]>ossihie the modern newspaper; and 
the facility which it aflbrds for ra])idly 
Jiroducing wny required number of 
curved plates, suited for rotary ma¬ 
chines, bas revolutionised printing ns 
far as rapm production Is (;onceniod. 
Moreover, the process is so simple and 
lo easy that any person may, for a cost 


of a few .sliillingj. j)r(>dure .small stereo- 
ty]»c ]>l.de.s e(|ual in sharpnesg and 
general excellence with those made in 
the most ]Kirfeetly titled establi.sbment. 

Till! essential ju’inciples uf the pa])er- 
mould metluKl are as follows:—On a 
]iad of soft jiajier, built up of about 20 
lliit'kne^ses of soft blotting - ]>ai>er, 
.stapled logetber at the edges, a banl 
impression fnun a ]>age of tv}>e is taken. 
It i.s now ])laced between tw'o slabs of 
dry wood, which slabs arc separated to 
a distance of sometlmig under J in. bv 
strijis oi' the same material, and melted 
iyiH'-met.il i.s jioui'ed in at the to]u On 
separating tin* slabs (»r \mu)i 1 you h.ne 
a fairly good c.ist of Ibe oiiginal type, 
and the whole j>rocess ol [irodiicing it 
has tak(‘U le^s than a minute. Jn 
]tractice, liowi'ver, dry jMjier is not used 
I lor making tlie mould, but a num])er of 
shells are ])asted tog^dlier, and this 
comldiiatiou ts used damp. 

Tile .soft past(*b(»ard ready made i.s 
known to the workman .is “ floug,” a 
forrujdion ol a tliiii fariuaeeniis 

cake s(dtl in Paris, 'fins is laid on a 
warm and slightly oiled }»ago of tNj'e, 
and the hack is beaten wiili a stitf brush 
until the soft iia^teboard has taken a 
perfeit impres.Mrtn of the f.n'e of the 
type. On tiie back now' Jay a jaece of 
blanket, t>im‘h the x\ho!e in a screw 
press, tlie jtress having been ]>rcviouslv 
wanned. The drving of the mould 
may, under such circumstances, take 
from a few minutes to A an liour, 
according to tlie tem]»eralnre and the 
fiequency wdth wdiich the blanket and 
other packing is changed, Being 
clamj'cd betwneu slabs of w'arin iron, 
metal isjioured in, and a cast is obtained, 
little if at all inferior to tlie original 
type in sharpness, flere 3*011 have the 
essential feature.s of tlie ]>:i]>er-inould 
]irocoss, the most imjiortant of all 
stereotyjiing processes. 

Wvr/iint/ Ihtaih %f the rupcr-Mould 
Proco6S ,—This method xveli merits close 
study, especially as at present workmen 
often so far follow the traditions of 
their craft ^ to lose sigh^c^fsuch points 
of special advantage as might easily 
be grasped if tradition were allowed to 
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give way more freely to thought aiul 
exjicrimcnt. 

The page of typOt or forme,” which 
is to he moulded, instead of being 
l(»ckeJ up in the chase surrounded witli 
the ordinary wooden furniture, has a 
type-high border about ® in. wide around 
it; but llie face of this type-high 
border does not come quite close up to 
the type, there being :i space of in. 
between them. This tvpe-high border 
is ordinarily obtained l)y surrouniling 
the forme with strips (tf type-metal 
called “cIum])s,”or "" stereo - clumps,” 
these eliimjts being tyj»e high, and 
about J in. wide ; but a bevel on the 
edge plae.eii next to the typeredMces tlie 
face-wi<lth to about J in., and givis the 
clear space of about ^ in. or so between 
the face t»f tiio clum]» and tJic type. 
The object of the clumjts is to form a 
level bed for llie strips of metal—com¬ 
monly called “gauge-^”—which deter¬ 
mine the thie.knes-^ of the plate. The 
space between the type and the face of 
the cluin]) leaves room for the Kaw-(Mit 
if the plate is to be trimmed close, or 
for the bevel if the }date is to be 
trimmerl for mounting with catches on 
a metal block. 

Now the forme should be planed 
level, not too tiglitly locked uj), and its 
face must be slightly but cmn]»Ietidy 
oiled, this being done by rubbing it with 
a flat brush, not too heavily charged 
with oil, the brush being about as stiff 
as an ortiinarv hat brush. The traditi(»ns 
of the trade ordain that the oil should 
be the finest olive oil; but as a matter 
of fact, neither olive oil nor cotton-seed 
oil, which is now con^nionly sold as 
olive oil, is the most suitable, as these 
oils—and more especially the latter— 
are saponified very readily l)y any trace 
of alkali which may remain on the 
forme. A much more suitable oil is the 
very thin mineral lubricating oil which 
is sold retail at Is.'Od. a gal. Here is a 
case in which an article sold at the 
lowest price is the best, and in connection 
with stereotyping—as indeed with most 
industries—t(iere are manyisuch cases ; 
so much so that one mast look with 
suspicion on the common but vague 


instruction to *‘use only the Vefy best 
materials.” The practical int,rrpT<;tatiou 
of this is to use just tliosi^ samples for 
wiiich the shopkeeper chooses to cliarge 
the highest prices; and wdieii sticli an 
instruction Is given as generally n]>p]vi]ig 
to all materials nseil iijra craft, one inav, 
]kerhaps, reasonably suppose that it is 
given because the iustnictor’s knowledge 
uf tlie materials is too uncertain for him 
to spe<‘ify wdiat (piiilities are desirable. 
(Jeiierally speaking, the forme is slightly 
warm when oiled; if it is cold and 
damp the oiling is almost certain to be • 
unsatisfactorv, and the mould mav 
adhere to the typo. 

We now come to a very important 
matter: the floiig ami the materials U'tcd 
in it.s prepai’ation. First, let us take the 
l»aste used to <‘cment the various layers 
of jiaper together, and as to this niatter 
one find.s in the usual instruetions merely 
a confusing crowd of recii)es without the 
smallest indication as to choice betw'ccn 
them, and some of tliese recipes order 
the use of materials the special service 
of which it is very dillieult to conjecture. 

As an adhehive, ordinary gum (arabic 
or acacia gum)’is undesirable; it pene- 
ti’ates the subsiarce of the paper, tends 
to make it untnanagealdy hard and 
brittle when »Iry, and, w’cight for 
W’eight, it gives less adhesion between 
sheet and sheet than is the case w'ith 
starch or flour pa*?ie. fluni is specially 
bad in relation to the line tissue which 
forms the face of the flung, as in 
penetrating this it not .only tends to 
adhesion with the type, but where the 
gum has penetrated the face <>f the cast 
obtained wdll have a I’ougher texture 
than clsewlierc. In addition, gum is 
expensive, and, what is jicrhaps worse, 
very variable in quality. 

Starch paste is a very good adhesive, 
as its water princijally penetrates the 
sheets, leaving the starch where most 
wanted, and that spongines.t, which is a 
characteristic of good and useful iloiig, 
is retained. 

Good ns simple starch paste is, a 
paste ma<I<! from a moderafUdy glutinous 
fiour, such as wheat flour, is better, 
as the gluten gives the starch greatA* 
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ronsistcm-y an-l :i<lliObivciu>Rs withnut. 
other (lisrulvaiituiTes. JIorooviT, ^\ho;lt 
Jh»ur paste is easier to prepare and to 
iiiauij)u!aU‘ tlian sl.ireh j»astc, and, if 
measured J>\' juUiesive power, js \eiv 
iniH'h ebeaper, J*e-»ides, it. peiioliate'. 
*tbe pa]H*i‘ ev(‘n tli.m sl.iub ]>aste. 
Ailoi^ellier t)ie ail\aiilatie rests uilti 
wlieat ilour paste as the main ml- 
lie-^ivo, 

. tiliic (the tenn iiududcs jjelatilies and 
by it'-elf is not a very suitable 
or di'siralde adliosne to use, as it is 
^?iibje(*t. to llie same djsad\aiita'^e* as 
••JMU ar.ibic as U'i^il’ils ])euetratiou <»f 
1 he paper, } et. in a lesser deLjret'; but 
wlieii Used in ('oiijuiu tiou \Mtli sulbiient 
flour ]»aste. the peuetratinn; t{ualKv is 
• (InniiiatiMl, and nwitu; to the settling ol' 
the i;lue the floni^ ai 41111 es iiieioa**ed 
sfioiieincss, and also the valualilt* qualit v 
ot* heiiii); more vajddly <‘oinpre.ssed l>y tiie 
face f>r the ty[»e when the metal is warm, 
as the iriue melts and consolidates the 
eom|H’essed parts. In addition, hy the 
use of i^lue <aloiio witli ilonr paste, the 
iloiii; hoeonie's e.t|*able t»r Imldiui:; rather 
more water williout becoininix Itabby, 
and wliere the floiij:; is nipt ('fuupressed, 
it vlTies more sjamirv than would other¬ 
wise be tbo rase. There is advuntajxi' in 
UMn;4 glue with the pasti*, whether the 
t\pc is to !>e nionUled eobl or warm, 
but very es]>eei:il advantage iii the 
latter ease. 'I'lie sort of glue most 
MiUiiblc is the sipft and degenerate glm* 
M»ld retail in tin* oilhhop.s at AtL jier ]h., 
♦ligh-pnecd hard«glues and fine gelatines 
being very much less suitable. Instead 
ot using gliie, it save.s time to jmrehasc 
size, but care shuul 1 he taken to use the 
low-priced pizo sold as common size 
(14 lb. for Is. in London oilshops), ami 
not the liai’iler ami finer size known 
as “ jiatent size/’ 

We may then di.siniss all adhesives hut 
flour jiastc, and glue; tlie former ran 
be used by itself, but glue by it'^idf is 
not very satisfiiolory. Togetlier they 
give the best result, for reasons already 
stateil. 

It is desiratfle to mix some mineral 
nia^ter with the paste, and for this itse 
've fimi, among other additions, the 


following roe(ii«meud''d : — Whiting 
litharge, white lead, kaolin, other clays, 
I'aris wlnte, zinc W'hite, barytes white, 
d'he ime of the mineral matter is two¬ 
fold. Jt make> the <‘ompre^sepi jiaits of 
file mould more iiard ami slitnv than 
tliey wt»uld otherwise 1>P', and b*ss 
suhjeel to bli^tPT or Scale during 
diMiig or lasting, and it makes the 
uncompressed parts of the ibnig more 
^|Mpuiry Mtid unifenn in texture. At the 
sanu! time it mak(‘s the w liole niouhi 
more resislant to lieai. 

Of tli‘.‘ above, tlie only verv definitely 
(»b jectuuiahle suhstaiices ai c litharge 
and white lead, a**, owing to llui 
moisture and licat the liMd jpoisoii is 
spi’cially liable to lie absoibed into the 

s\stem of the woikim-ii; and of tlie 

« * 

rest, wliitiiig s(‘i‘ms the be*'l,)ts soltneas 
of (ovture, liueuess, ami the I'ase with 
wliicli it is compiessed, enabling it. well 
to f'ulJil tlie double function as stated 
aliove. At anv latc, not one of the 
abipve is superior to whiting; whiting, 
moreo\ er, i.s cheap, and ea'^v to get. 

Wo now come to tlu ]preparalimi of 
the ]iasle. Into an iron ]>an juit 0 lb, 
whiting ami liO Ih. (‘J gal.) water. It 
the w lilting is allowed tip remain in the 
water for 1 2 hours it will he found 
fJi.it the ]uin])S have roin|pitte|y broken 
down, and the mixing will Jie easy. Jf, 
oil the other hand, you try to mix 
whiting wbicli lias only just been juit 
in llie water, it works into clots and 
becomes unmanageable. The liaiids 
form the mo.st convenient tools for 
mixing the whiting and water, as also 
for w(»rking in the next addition, 4^ lb. 
wheat, flour, • 

Tins being thoroughly incorporated, 
the pan is set fipi* the mi.xtiire lo boil, it 
lieiug coi'.staully stirriMi with a w'oodeii 
stirrer, having a T-sinipcd lioail which 
can b(! kept in motion close to tiio 
Ixtttoni of the ];aiu an<^ so eliminato all 
chance of luivning. As soon as the 
mivture lioils aild 14 lb. soft si/o, or 
U). comiiupn glue, 10] lb (I gal. and 
nearly J pint) water. The glue to be 
soaked in the iratcr till qui^ soft. 

Ill order to give the paste sueh quali- 
ties’as shall ensure the mass k^i’^ping 
• • . Z " 
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good for years, 4 oz. ory.stallisod phe¬ 
nol (oarbolic acid) are now htirn'd iu, 
and all that rciuains to ht* done to 
W'ork the mixture thmu'^h a sieve iiiivinj; 
about 20 meshes to the linear inch, or 
it may be strained through a i»ioce of 
net. 

Titree sorts of pa)>er are used iji 
making the tiong. First, a lino hard 
ii.ssue paper for the face; st‘condly, 
blotting paper to funu the jxmms body ; 
thirdly, stout and tough brown paper 
for the back, to give strength ami to 
cupp<jrt the blows of the heating brush. 
It is of very great iin]>oi*taiK:o that the 
tissue ]>a[)er which forms the face of the 
thmg slunild he strong !md liic' in tihiv, 
uniform iu texture, and free from holes, 
all qualities which add to the expense 
of a pa()er, and any expenditure which 
secures the above is well bestowed, 
economy on this score being bad itolicy. 
A tissue which becomes pajipy and soft 
wlion in contact with the pahte, or which 
allows its oxutl.iLion through holes, may 
cause adhesion between the tonne aH'l 
the mttuld, with the attendant delays 
and disadvantages. The ti^'^ue papm's 
sold for pottery transfers are generally 
very suitable for stertuttyping, anil some 
makers sup]>ly a sjiecial kind. Tlie sort 
sold at ldoy<J*s jfajicr oiTice in Cmwn- 
cuurt, at 11(7. jier Ih. is made to a sjiccial 
size, 24 by 50 in., so as to be suitable 
for newsjiayier wo»rk. 

As regards the blotting paper, the 
cheaper sorts answ’er as w'cll as tiie more 
cxj>ensive, am! 1 do nut think the lowest 
priced ])a]>crs contain irregularities or 
lumps so ])ronounced as to be di.sa<lvan- 
tageous. Suitable dcinj papcM', W'eighing 
23 lb. to the reuin, costs 10s. (kh per 
ream. 

The brown pajier for the hack of the 
fiotig should be made of tough, strong 
fibre, free fi'oin knots and lumps; 
moreover it should l>e soft, and not 
heavily rolled. Such a paper is expen¬ 
sive, costing about 4r7. pei* lb.; but, as 
iu the case of tissue, it is poor economy 
to use a backing paper of unsuitable 
character, ‘ 

To j^repare some iloug, the materials 
will be:— 


Approxiiiiato 
weight, Rr, 

Brown jiaper (1 s(|. ft.) .. 200 

Bhdting paper, 3 Ihieknef'Ses 

sq. it.)., a, ,, •* 3«-)o 

Tissue paper (1 sq. ft.) 25 

^ 5.S0 

The lu‘i)\vn jiajier is laid Hat and 
]ustcd uniformly by means of a rather 
soft, llat l>rnsh, tlic paste l*ciug, by 
j)i’eferen<*e, slightly warm, on account’ 
of tile glue it contains, although, with 
the aliovc-tneniioiieil ]>n>portLons it 
pos.'^iblc (liioiigh undesirable) to work it 
cold. A sheet of blotting is now laid 
on, and the pasting is repeated over 
eaeh layer of paper, hut iu the case of 
the last ]>astiiig, which holds down the . 
tissue paper, only a small quantity 
should be ap|>hed, and tliat as uniformly 
as lU'acticablc. A convenient way of 
laying dinvn the tissue paper is to roll 
it on a woo<len cylinder, and then to roll 
it olfthis on to the pasted surface f and 
all through the ojicraliou great care 
should be taken that no paste comes iu 
4•ontllct with the outsiiie face of the 
tissue; generally speaking, the w<»odcu 
roller retiuires wiping after each use. 
Close contact of the several constituent 
slieets of the flung is best ensured by lay¬ 
ing a clean j*aper over it after each addi¬ 
tion, and rubbing it down with the hand, 
or witha cloth folded so as to form a pad. 
Hard rolling should be avoided, as it 
tends to lessen that sponginess which is 
so desiralde a quality. If the jwiste lia* 
been ajqdied in about the riglit quantify, 
the sq. ft. of flong, the paper of which 
weighed about 580 gr., will, when wet 
and fresh, weigh about 1400 gn, about 
820 gr. of this being paste; in this 
state it is too wet and too soft for 
convenient use, but if exposed to the air 
until something like 300 gr. of water 
have evaporated—that is to say, until 
the sq, ft. weighs about 1100 gr-—ft** 
consistency will be right for working. 
These weights arc given principally iu 
order tliat persons working from dircc- 
thuis may be able to prdjiare a samide 
which shall have a convenient 
sisteiicy, after which tlic remembrinicfl 
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of tliis samjtle Hhould 1)0 a 
guide. 

It is desirable to jircparc the lloui; 
in the first instance with excess <»(' 
Tuoisitire, and to allow this to evaporate 
spontuneously, as during this proc<»ss <»f 
evajioration the vapor swells autl takes 
a jdasticity anu^ sponginess which is 

diiUcult to obtain in anv otl’.er wav, 

^ ■« 

Moreover, Ihe manijmhttiou of noiking 
tlie Hong is easier and move .^atisfaclnry 
when a soft ]iasto, coutaiiiiug a full jiro- 
]»ortiou of water, is used, Jf, liowever, 
fcOiie has occasion to prepare a piece (d* 
Hong for immediate use, the best \\a\ is 
to employ as little paste as practiiMliU*. 
Quite ajiart from the (|U(‘stioii of the 
amount of moisture jiresent, it is 
niulesirablc to make use of frcslilv- 
ju'epiircil Hong, as it is never so 
hoiui>g(‘ueous as that which has Ikmui 
kept for some days. It may be stored 
in a varni'dicd tin tray of the right si/c, 
a stout plate of zinc being laid on tlie 
top.* GcncTiill}' s]>('aking, it is best to 
lay the sheets of Hong lace lo I’au*, as 
the bucks arc likely to liaie been siuIimI 
with paste, and paste should he kepi 
from the fm c, Flong preimrcil with the 
abovtj-menliouud jiaste will keej> any 
length of time without docompositiou 
or mildewing, but it may become par¬ 
tially or completely dry, Tiiis may be 
remedied by one or more dippings in 
water, with a full allowance of time Atj* 
its absorption, Wlieu Hong has mm- 
pletely dried, it is rather a trouble lo 
iget it once morg into g*>od w'orking con¬ 
dition, the best way being to tiip it in 
C(dd water, pile it in the storing tray, 
and keep this latter in a warm jdace, 
repeating the operations, if necessary. 
Dry Hong is an article of commerce, 
but it is more trouble to get it into gtjod 
working condition than it is to stin t 
with the plain sheets of jiapcr. It is 
often recommended to use two tliick- 
nesscs of tissue paper on the face of the 
Hong, and toJntcrpose tissue between 
the several sheets of blotting paper, but 
these courses are o}»en to objection, and, 
as far as my* experiments go, liavc no 
balancing advantage. Two thicknosses 
0# tissue on the facCj with paste between, 


oiler no gieater M'cuiily oL^unst pa.-,1e 
Veru-hing the type than does one tiiick- 
iie^s oi‘ tissue, ami, njor(M)Yer, for ea«e 
and rapidity ol‘ application, it is 
desirahle to make the juiste as Huhl as 
juactieable, and als<» lo so work as not 
tt» iii^oUe tlie extra enie aiid labirin* 
toiiMiined jfi a}»j'l\iiig \erv linn laveis 
<d' jKi'-te, and it is <ib\i(uis that the 
lar-^er the pjopindioii rif thin ]»ajfer 
eiiteiing into tlie composition of tin* 
Hong, so uhkIi thinner imi^t be the 
Javer.- oi’ ivaste in njder to obtain Hoiiii 
lontaining tlit» same projuirt loiis of jiaste 
and ]>api r. Jt 1ake% much lunger to 
s]»reaii a very thin la\t'r tii.iu a 
iiHMler.itih thick layer <d‘ paste, 

Jkise and quickness in working are 
gem'nillv oil Die shle of monldiiu’’small 
lonns ritlnr than laioc, s(i lliat, when 
woik is sent in as^omld.i^es t»l’ many 
jiages, it IS often <le^irah[e to re-iinpose, 
so ns to biiiiL'' down tlie dimensions t<j 
di'iiiy folio, or llnTeul'oul ; but wlieii 
large pages of «lose matter, siuli as 
uewspiijier page*, are nauerned, flic 
sforciUyi^er ha*^ no option but to mould 
the formes a-, ren iMsl. W lien sexeral 
jiage.s ale inipi«sed logid her for moulding, 
it Is siHllcaent to aib>w' a pica ^ in.) 
bet w ecu t luun, unless the edves are to 
be bevelled, in wbndi i ase quite twice as 
much space will be joquired to allow'for 
the saw' cut. and two bevels. Tlietype- 
Iii^h clumps, a> bcibre staled, suiTotmd 
the whole. 

iS(»metiines Die stereotyj»er will liavc 
to clean tile forme himself, from the 
carelessnes.s of the ]iriider who semis it 
to him, and in this tase it should be 
scruldu'd over j'vith a solutimi of the 
elicapest quality of caustic soda in water 
(1 part soda to about S water), well 
rinsed and dried. 

The forme, idean, dry, oiled and 
warm, is lai<I on a jdanetl slab of iron, 
or beating surface,” heated troin under¬ 
neath, the heating beitig hy ga.s or steam. 
Tlie heating surfiicc may be, and often 
is, all extension of the bed of the drying 
press (Fig. 2\)7). The hand is now lightly 
jiassed over tjic face to de^-et any letter 
wliich may stand high, and the “ planer’' 
is,brouvrivt into use if necessary. Allis 
" 56 45 
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now lov the T.iko a 

(4‘ ilu* dust its surrace over 

witli powdtovil Fj’encli chalk, takins; 
care to wi|K’ r»[]‘ all caccss, then lay it 
iace <lowtu\avils ou the f'orin*\ and in)\v 
comes the juicraliou ot* licatiu'^. 



Drying 


Tlio brush u I lor hraliniimay vary 

in shajK' (»r \\t*i<rht, accoi-tlmi; to the 

habit of the wiu’kinaii, Init the bi*i.*.tJes 

imist h(* i^ood and closely jwu kei|, and 

the ojuTal iou of beatini:; h so Miuilar to 

that of ill Ivi!i[( ill a nail, that anv j»er* 

son uiio is .ihie to strike his nail e\ery 

time in such a way that it shall be sent 

f;r\\ar»ls and witljout any tondcney 

sideways, will ]Mofi.thly make a satis- 

I’aetory monbl llm first lime; while f»ne 

in whose hand the hammer sw’a\s round 

« 

iinceitaiu^' and nmarntrolietHv, liittiiiir 
the nail at all sorts of ^noles, and ]ier- 
liajis e\eu bend'nt^ it, will m^t be very 
successful in mikine a |>aja*r mould 
front tlie fy]>e. Ju such a ease it is 
|ierha|>s better to educate the mind to 
the couditious necessaiy for successful 
hamrneriui;, by watchfully and jiainfi- 
takins^ly learnlnl;^.o rlrivo draiterV pins 
11 ]) to the head in deal, tiniu to waste 
llontr ami spoil type. 

Tiie face (»f the brush must fall flat 
on the h.'u'k ^f theflonj^, v^ry little side- 
drivini( Ijeinjf sullicimt to shift the 
Hong, and spoil the sharpness of the 


mould ; and a good ]tlan is to first beat 
a line right across the itage, and then to 
c\tend this first towards one end of the 
page and then towards the olher. A 
damp cloth is soinetiiiies laid over the 
llong in hi'ating, but if the brown jiaper 
is lough and nervy the cloth is not 
neoiled, and much timf is saved by not 
Using it—far more than is eijuivalcnt 
to the clifterencc in ]>rii*e betwci'U good 
and ba«l ])aper. Moreover, when tJie 
cloth is Used, it becomes diilicult to 
give such local treatment as is necessary 
on jiarts where words or rules stand . 
almost by themselves, or where tiiere 
may he a mass of small type closely set, 
t<r say mdhiug of the siiecial treatment 
reijuired where engravings are included 
in the forme. a rough guide to the 
extent to which the beating is to be 
continued, it may be stated that with 
iloiig of the right degree of siiftimss, the 
divisions between the wortls set in long 
])rinn»r or brevier should show* distinctly 
on the bai'k of the flong. Jf the t*ong 
is verv soft, the beating inimt not be 
4'ontiniicd until these divisions are so 
(li'^tlnct as w'ith normal tiong, ami if 
till' (long is very hard one will only ob¬ 
tain sutlicient relief by making the 
divisions show X’erv clearlv', 

« V 

Tlie jirogrcss of flie beating may 
always be seen by steadying the mould 
witli one liand and turning back one 
corner, and the. tioug shoubl always be 
so s«d*t that tiiis can be done without 
straining or stretching the jiart turned 
over. VVlicre tlicrc are extensive whites,, 
in the forme, Die mould will be arched 
dow^nwards, and some HU])])or|^is nCLMled 
in such places, or the andiod ]iarts 
would crush d<nvn hy the W'cight of 
metal in tlic casting-box, and much 
imdal w'ould have to ho cut away from 
the ])hitL*, The usual way is to ]»a6le 
the back of the flong, and to lay in thr 
decj) parts a few jucces of piiste-board 
or of old mould, after which a secoml 
shci't of brown jiaper is ]^sted and laid 
over ail. A very gentle boating is now 
given to Ilia mould, care being taken 
nfit to lieat this last {>a[*3r down into 
the hollow's, as the main use of this 
.sheet 1'^ l<i string or tie the domes a<<d 
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hollows forujed in the main part of the 
iloii", 

Aiirtther way ■—more (‘inployiNl in 
pi'w .spa])fr odiccs - - i.s ti» iill in ih*' 
liollo\V'< with wliilinc^, or ilry jilasler of 
I’aris ; tin* ])astinl *slu'<‘t of hrowu j»a|'rr 
heiiiij Iai<l over ns hefore. 

'I’he impressiojf is innv sharpemM] n]) 
l>y planing, 'fho printer's planer— 
which is a slab of hard wood —is placed 
on the mould rnid .struck seseral tmu‘S 
with a mallet. This should he repeated 
several tirnes^ moving the planer l»e- 
• tween-times, and <*a]c nui'^t he taken 
not to bhil'l or strain tiie. mouht side- 
wavs. Two or thr»‘e thitknesses of 
l)lanket, or still befler, enough l>lotting 
]»:iper to m.ike n]» about h in. thick, 
being jjhu (‘d over the mould, the forme 
and mould are )iinriied up in the dr> ing 
press (Kig. ‘J 9 T). 

A few' woiaU nutre alatut the beating 

bl*u^b. If the face is not loud, or 

should become iinlevel bv use, it may 

be burned flat by I'ontacl w jtli a ]date 

of iron lieateil to a <hill redness, and bv 

* % 

the same means the e«lgo and <a>rneis 
farthest from the haudic may bo very 
slightly s]o]iod off, thus making it more 
easy to give local tnatnient to anv 
special ]»art of the mould. Workmen 
wlio-'h.ave skill and coiilhli'nee in the 
Use t>t‘the brush mavstiike tnleiMblv 
hard, and thev idten fiiul it a con\ euieiu e 
to load the brush by fastening a ]»l.ite 
of lead to the back. Smne of the Con¬ 
tinental workmen, instead of using a 
(brush, ])rerer ^o use a wooiien Itlank 
provided with a baiulle and co\eri‘d 
with several tliic.knesses of cloth or 
“moleskin.” Tbfui, again, a rrdliiig 
machine, or a'lertieal ]»ress, is «»ccasit>u- 
ally used in making the mould, but tlie 
jwess and rolling inacltine are of little 
use except in tlie case of ttderably solid 
and uniform formes, such as the jtages 
iS a newspaper, 'I’lie rolling machine 
for moulding consists mcivl y of a moving 
bod with nn adjustaide cylinder over it, 
bed and cylinder being geared t(»getljer. 
The machine, however, is sehloni UM'd 
without the brusli being used as an ad*- 
junct. Sometime^' the pressor maebine 
il^used to&ct the ihmg livmly in position 


on the tyi»e, the,brusli being used for 
finishing; and .sometimes the brush is 
lued iir>t, and flie inai imie is employed 
to shai]>rn u]> the impression, to do 
wliat. tlie pl.iner does in the jiroces; of 
making a mould liy Ivtnd. 

A suHicient drying of tin- mould itmy 
he ellected ill as .shoit a time as l>-'4 
minutes, in width e.ise tlie Iie;it is urged 
rilnmst to the softt-imig pnint of tlie 
t \ p'*, <»r liie lieat may Ik 
. stj that the drving takes a^' uuuli as A 
luuir. It mav, h(iW'(‘\er, be taken that in 
tlie la.M' (d‘ordinary ctuumerci.d stereo- 
tyjuug siuiie wafer iinari.ibly left, 
in tlu‘ mould; m:in\ hours baking al a 
1 temjM'rature ofbeing neee.ss.iry 
ibr the reinoal of the traces of 

moisture. So that, when tlie be^t 
ptKssilde re.siiit.s are requiied, it i.s de¬ 
sirable to emisiderably' exteioi the time 
allowed for drving. 

In uNliinirv east's • llie work Tiot 
being subject to the extreme neeti of 
liaste which exists in the f*:i‘'e ol* news- 
jKiper steretpfvjiing—the form** will re¬ 
main lu Ihe drying ]U*ess fm* iD jfi 
minutes, during whuh lime the blanket 
(<tr coveiing of bloliiiig ]i.i| u, as the 
■ may bt*) mn\ have b* t lianged " 
or times; or if this is iu«t dtme, tin 
pre'-s shtuil'l be ulub'iic, aiid t lo‘ eo^ el lUg 
liiincd oM 1 t«> t(\\ ilie mole ready 

• td* moisture. All (Ins Inm tin 
bed of the prt'ss may he c*uneiin ntly'^ 
heated to a t'Ouperal urc of 1 0. 

the foiuiev being aljout tlu* dogvee <if 
heal ol'taiutsl if the lo’d ItU'ius the toji 
of a slenm-chest fed with waste or “e\- 
liaust ” steam; !>ut if “live'* sle.im i>r 
about ill) lb, ]>r 4 'ssure is u.-.ed, the tiuii- 
p<*r:iture will be something like 

To return to the foriini and mmihi. 
The motibl leaves tlie forme at 
Wlien any adhesion oei'urs, something is 
w'rong with the work, c,//., tissue paper 
not im])erxions; evia's.’ of past<* under 
(issue jiaper, tlius bPeakiiig iijt tis.uie ; 
tissue broken in beating, from too bard 
blows or extreme soltuess of Hong; 
mould l(Ki deep, so as tt> tit over the 
shallk.s of tht^types, or o\%\ iioiu-trating 
between them ; paste on face of the 
fliHig, fnun careless making or piling; 
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imiM'rfft’l ori«»r*n‘, or 

oil; alkiili or (jtlior lorriLCii iiiatfiu* ou 

tyjic. 

liut a sliirlit iou'Icuov to a'llioro <an 

^ i 

p‘iiorallv bo comljalvl liy lift ■ 

ili^ tho Oiler,ot* tho inoulil, as Tar as is 
pi)Ssi})lf without Ijontliiig or straining 
tho iruuiM ; and tbon lottinir it sprinj; 
back; at the same time slii^htly looscn- 
iniT tlu; quoins auil bcalhig the back of 
the mould ^\ith Iho brush. O'ig* 



In the; ease, of per^i.stent slicking, the 
onl}* aUeriiative is to heat tJiu forme 
once more ainl rejK*:ited]y inoi’>(eu tlie 
back of the mouhl witli water. In this 
case the mould will be sjtoiled. 

'Jdu; mould, as it. comes oil’the forme, 
is dry to the toiieii, but ordinnril}’^ not 
dry enougli to give a good ca.t, ami be¬ 
fore drying it turtiier it is c(UiV('nient 
to trim th«» edges to flic outsides of th(» 
gutters left by tiic c]uin]H; and to 
paste on to one eiul a of brown 

paper long cnongli to ju‘oject 2 in, or s(» 
out of the c‘a.sting-|jo\, .md, ;it the same 
time, to allow a lu-ad of metal of not 
less tliau G in. For this juirpose, a 
more adiic^ive paste is ro<|uired fliau 
tliat used for making the ilong, Stitf 
rye flour paste i*. lies!. 

'J'he mould may nrjw be laid on a hot 
surface to furtlu'r dry^ or, better .still, 
it may be b.akcd in a steam <ir gas-oven. 
lieated to about the .same temperature* 
as the moulding press ; but in any case 
it should be kept llat liy placing over it 
a piece of heavy ]jut .sinall-mcshed wire 
net, an*! if necessary a weight is juit 
uj>on t-his. A suitable W'ire net is made 
Avith iron wire of 2vo. IG LW.O. (MiGd 
in. diameter), and G nnsslicsto the linear 
inch, and can be liad from firms that 
furnish millr-rs* ]dant. ?The ordinary 
wire gauze or net sold at the liardware 
shops, Inning G meinlies to the inch, i.s 


made <if much thinner wir(‘, and i.s lutt 
much used jVu' the jtresent pnrp4>se, as it 
has not sulUc.ient rigidity to keep its 
sha]»e as a slab or plate. The wire net 
should be iu contact with the tissue 
]>apcr side or face of the mould, as 
sliglit indent:iti<m on^this side wdll do 
no Iiarm, w’h(*roas any indentation on 
llie back of the mouhl will .show on the 
face of the cast ; and when several 
moulds are piled in the oven for baking, 
tJiey should lie laid back to back am! 
face fit face, wdth a ]d(*ee of sheet mcial 
(say stout tinjdate) between the backs, 
and one of the wire-net .sheets between 
the faces. 

'Idle baking, or second drying, being 
at .an tmd, w'c, come to the casting, an<l 
liefurc tids is d*)nc it is a very rommoii 
jiractit^e to brush some finely powdered 
French chalk into the mould, and then 
to dust out the excess by turning the 
mould face dowmwarda, and gently 
beating the back wdth a flat slice of 
cane. This is quite unneces-sary if the 
nionld is very dry; but by the use of 
Fi ench clialk the efioct of any trace of 
moisture remaining in the mould is 
minimised, ami, moreover, the cast 
separates from tin* mould more ca.si]y— 
a matter of some iinjmrtaiice when it is 
Avish(‘d to make several casts in the 
same mould. 

All is now ready for laying the mould 
iu tlie casting-box, the casting-box 
having been warmed by a gas jut under¬ 
neath, or by casting a few blanks in it. 
The mould is laid face /ipwards on the** 
horizontal slab of the casting-box 
29G), the brown paper flap ^hanging a 
little over thftli[> of the box. The pica- 
high gauges are laid along the gutters 
formed by the clumps, the top leaf of 
tlie box is closed dow'n and clamped by 
the screw, and the casting-box is sw'ung 
on its axis, so as to bring the lil>s to 
the t<ip. 

When stock sizes have to be stereo- 
tvped, it is convenient ter use set gauges, 
like Figs. GOO or 301, but in other 
c;isfts it is usual to employ adjustable 
gauges, such as Fig. 302.*' 

When the mould is charged with 
type-metal, it is necessary, in order **10 
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(tlitiuii a £^o*k1 ca^t, (hat tll(^^^holp of tl»e 
metal inside shnuld remaiu ilnid until 
tile mouLl is cninidetcly filled with 
inelal, as if any ]>nrt solidifies before the 
mould is full, the east i< sure to show 
curved streaks where the cast has 



solidified, and tlie fresh metal has not 
run up so closely ns to make a sound 
east. 1'his is most iioticeahle at tlie 
hack of the wliere (lie eastine-hox 


ptereot3»pe ffjuiffes. 

exercisgs the most sudden coolini; action 
01 ) the inotaJ,nnd the object of heating tiio 
easlinj^-box is to diminish the tendency 
^to this Sort of thing. Heating the 


casling-box is gencrnlly in^'iiniciont in 
itM'lf, when th« cast is large, unlcsH 
the heat is raised to nearly tlie lULdting 
point of the metal—an obviously incon¬ 
venient course. It is very in-uch more 
c<»nYonient and satisfactory towanu the 
];<>x only sliglilly (say to almut 100*^ ), 

and to cover the fa<‘e with a non-con¬ 
ducting coating, A\hich may be ex- 
trcmely thin ; in fact it is snilicient t** 
sponge the irtui jikitc over uith a very 
thin wash < 1 !' jewellers’ rouge (finclv 
divided ferric oxide, or ]n*iLclicall), 
nineh the same thing as liiiely dixided 
iron rnst) and water, a him of the 
oxide so thm as to lie scaia edv mdiceahle 
serving to retard the sididdhalion of 
the nielal tluring tin* sh(»rt time rc- 
(luiied t»» (ill tlie mould. AJlliougli a 
thm w’ash of jewel ler.->’ n»uge is the l»est 
coating material to enipb»y when very 
delicate castings of type iiiolal are to 
be made m metal moulds (as. for ex¬ 
ample, in lasting the tliinuest leads *'), 
a thicker and coarser mixtuio, made by 
stirring J lb, red ochre into J ]dnt water, 
is often Used, this being applied with a 
brush. London stereotypeis, however, 

more nsuallv lav a slieet of tliin card- 

» •* 

board over the back plate, or n sheet of 
thin paper will he (jnite as eirei-tnal in 
ju’eventmg the chilling of the metal ; 
blit stereotypers generally }irefer the 
card, as lasting longer and being easier 
to handle. The card, however, is 
liable to blister, and so cause inequalities 
in llie thickness of the ])lates. Ju the 
alx-^enee of a nielal easting-hox. excellent 
w'oik may he done by using two slabs 
of dry wood, held togetlier h\ screw 
clamps. 

All is now* ready f(>r the casting of 
the stereotype. To ascertain whether 
the temperature of tlie metal is ahniit 
right, a strip of i:ard or of old mould is 
imnii-rst'd in it tor a few’^ .seiamd'.. If 
the card hecomes of a medium brown, 
the heat is right (i^iout (.k), 

if it i-hars and hla.-kens, the teinperatuve 
is too higli; should it mertdy become 
yellowish or liglit brown, more lieat 
must be apjdied. When the metal is 
too hot, itican he rapidly brought down 
by stirring in some cold metal. It is 
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important that, whon puarod, tlio sur¬ 
face of the metal sh(n*M lie l•lc;m :iii 1 
free from scum or o,\itle, as thi-^ inii^ht 
loilgc in the cavities of the imuiM ami 
render the cist unsoiiiul; and the ino>t 
convenient wav of chMuimj; the surface 
is to throw into the jM»t some jMmdered 
rosiu, which inedts and so far aijehmie- 
rates the ^l^ide lliat it can re.nhiv he 
ri'inoved by skimndiii'w ith a jjerfniated 
irnii si>o4>ii. Sulilcient metal is now 
taken out of the ]k)1 hy an iron ladle— 
one willi a Hat pomiii;^-side .'lO ») 

rm, 

l-adle. 

is often Used—and tiie metal is junired 
steadily, but not so <[uu'kly as to cause 
splashing, inti* the mould* Tuder ordi¬ 
nary circumstances, it makes but little 
dirterence whether the stream Is poured 
against the back ]>late of tin* ^■astlng- 
box or airain.st the iace of tlie mould, 
altliougli the forim r is llie most usual 
course, and some )»erbons make a point 
of drawing the ladle along the lips of 
the mould during the operation of 
casting. 

Tile metal U'^ed fi>r sterootyjiing is 
much the .same as oidmary type motal, 
only, as si rule, tlie stereotyper is cam- 
tent with an alloy tending too mueii 
towards s<^ftlie.s>, while of late years 
type founders have been moving in the 
direction of harder and iiarder metal. 
An alloy well suited tor otvliiiarv work 
contains 20 per <'ont. (»f««aiitiTnony, the 
remainder being lead ; or lead 4 parts, 
antimony I part. For preparing this 
alloy, a vei y safe lead to use is the soft 
lead which has formed the ilnino's of 
tea-chests, or i*'commercial jdg bold is 
used, a soft sam]ile sjioiild be selected, 
and this may be sutlicicntly judged of 
by scratching the surface with tlie 
finger nail. Hard jiigs often contain 
traces of zinc; this ineial, >v)u<‘h is 
es]>ecially bade in .stereotyying alloys, 
being used in some of the desilveribiug 


]»ro<’os.srs, and tlie last traces arc not 
.■ilwav.s nunoved. When, lio\Y<‘ver, the 
hardness <if the ]iig lead is kimwi: to be 
due to aiitimf»nv, (opper, or liu, it. may 
be Used quite safely ; in fact, hard lead 
then i>e<'omes more desirahlo than soft 
lead, 'i’he lead an>l antimony being put 
together iufi» the ir<^\ melting pot, 
snllhient beat is applied to melt the 
b)rmer, when the antimony gradiiallv 
dissohes in the melted lead, forming an 
alb>v winch fuses at ahout <\ 

Lend melt', at soimdhing like 
while auliiin)iiv fu^cs at <\, or a 

low' red lueit; the stereotype midal 
follow mg the general rub* tliat allo\s 
melt at considoTahly lowiu* tempera¬ 
tures than the mean melting ]»oints ui 
their c<nistituents. Sometimes .stereo- 
tvjiers reduce tlie jtrojiortion of antimony 
so that the alloy tmly contains 10 ]>er 
cent, of the metal, but in tliis case tlie 
alloy is noticeably soft, and w'ears badly 
in printing. A very superior stereotype 
metal, which is not only harder but moie 
fusilile t iian tlie above-mentioned, call be 
made bv melting togetlier !> ]>arls lead, 
1 of antimony, and 1 of tin. <Md mixed 
ivj enerally makes an excellent st<*- 
reotvpo imdal, aiul will often bear the 
addition of nearly lialf its weiglit of 
leul. I'y])!* metals, like so many alloys, 
arc harder w hen the cfxding has been 
v*‘ry lapid than when it has been coni- 
jiaratively slow, and casts obtained, in 
a given alloy, by tlie ]iaper ^u'oees'*, are 
(!onMM|uenfly softer Ilian those ]>y tlie 
.striking ])rocess of Carez and I>i<lot. 

The most jmsitively oh«‘ctbuiable im¬ 
purity likely to fintl its way into the 
stereotyping metal is zinc, tlfls niet.i! 
making the alloy Jlow badly, and Die 
faee of the cast rough and ]iat.cliy, 
donhiless by its tendency to sejiarate 
from the other metals. His, therefore, 
ini))ortant to keep watch against its 
inti odnetum into the stereotype foundry, 
and in melting up old type or scrajis, 
any portions which ruinain unrnelted, 
and float on the surface after the bulk 
is fared, sbonld be skimmed., off, as 
tlieve are likely to contain the lighter 
and loss fusible zinc. 1'he larger the 
projiortion of le.id in the stereotyp*^ 
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metal, so nuich jrreater is the evil elVect 
of the zinc- Zinc, in load or in type 
metal may bo removed by caicininsj at a 
low red heat, the ziiu: o-\idisiii^ with 
the first portions of the lead; but the 
same treatment also removes the aiiti- 
romv, or at any r.ite a eoiuide 

V 7 y 

]tro])ortion of i^t, 'fhe tendeuey of j 
aiilimonv to oxidise is s(> much oreatiT 

m * 

lluiii that of the lead, that stereotype 
metal used many times heeomes softer 
from the loss of antimony. A little 
arseiiie—say 1-2 per (sml.—incioa'*e.s 
till* fluiilitv and liardnes^ of a stereo- 

ft 

1 y)»in^ nodal. 

Now take the east out t>( the hox, and ' 
the usual tlnni; to liim it, or eiil it 
up into pages with a c ircular saw', and 
as the cutting', are carried round by the 
saw, and thrown upwards ami f(»rward 
by the iiseending side, it is u^iial tu tix 
a sereen (as sliow'ii in Fig. to pre- 



Clicular 8\w. 


vont thorn going into llie exes of the 
operator. screen is <u*dmariJy 

made of sheet metal, hut sometimes a 
neatly titteil f«nd curved glas*i ]date is 
Used. Genei all y speak ing, how ever, 
1 have preferred to use a leaf of the 
transparent l!e\inl« eelliiloid, which can 
now l>c reatlily ol>taiiieil as thin as a 
curd, and as transjiareut as glass. 

Instead of a circular saw, tho tool 
know'n as a zinc ho(*k (Fig. 1105) may he 
used for dividing the jdate. A metal 
straight-edge is used as a guide, and 
the cutting edge of the zinc hook is 
drawn along*it u sulllcient number of 
times tojilough a groove half through 



^ For trimming the edges, a hand plane 


is ordinarily used in con junction with a 
shooting hoard? the *»riiimu'y wooden 
shooting hoard ami jack-plane of ihe 
joiner answering tin* purpose very well. 
Fig. rcJ^rL■^enls an iron shooting 

305. 


Zn 
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Shooting IhkiuI. 

board and iron ]il.inc s)>Hcl.iny maiie ibv 
sterool vpers’ use, a secoiul plane being 
pr()viilcd for bevelling. When tlic 
trimming planes arc dnveu hy jiouer, 
tin* airaugeim-nt is geinn.iliy suhst.inti- 
ally similar, tlic plane mitviiig to and 
fro on a gui<le, while the plate to lie 
tvininied is bnl u]i against it, altliough 
Sometimes a revoUiiig mitliug is used 
instead of a ]>lano. 

d'hiu steieot\ p<'s, cast pii'a-high for 
numnling on Idocks, ought md. to re- 
ipiire planing at the back, proxided 
that reasonable nt(entit>u is devoted to 
matters wliich influence tlieir thickness 
and trntlu su^i as the tlatne^s of tlie 
1 slabs of the. casting-box, tin; accuracy 
I and right ]ilai-ing of the gauges, the 
keeping <d‘ the monbi llat xvhile 
drying, ami the ])ro]ier condition of 
the cardboard covering the back slab 
of tlic casting-hov. * Jt is easy to cast 
jdates so true as to re<(uire no jdaning, 
indeed so true that the ;irrangement ordi¬ 
narily Used for planing or ratlier scrap¬ 
ing, the hacks oftiiin stereotypes, would 
make theuxi* worse, nt>i^ better. The 
j arrangement is a kind of drawbench in 




which tiif i'; >l<>wly fnrti il mi.h'V ! 

a sttKit kiiilc placed /tlinost NCJlicallv, 
and <oii? fciTTu of it is rcprcsciitod hv 

Tiip travidliiii; ]i:irt is one w ith tiie two 
rucks, wdiile tlie double i^euniii; and llic 
arramiomont for reversiuix hv slultin'^ ; 


an Mingle of OO"^ (m the aiiproachin;]; side, 
and lb” is a Mnj;1e for cuttingedvje, 
leaving; an aat^lii of relief of When 

a inittjui; tool rapidly removes small 
sliavin^s of storeolyi>c metal—as in the 
ease of a eiretilar saw or rotary entter 
_there is a ten<l«‘U('y for tlie eleau 





J)raw bench for scraplne hark of plates. 


the strap from tlio middle pulley— 
w’liidi IS idle —Ut the or left, 

accordin'; as one wants Ijai-kward or 
forward motion, will (divious 1o 

anyone, who has i;iv(‘n attention to 
mrifliinery. The slow heavy <‘nt, with 
a cutter at i’i;;ht an<;ies to the jjlate, 
is essentially wrong, and fends to drag 
the plate out of shaju*, and, unless care 
is taken will fifmietinics lift it fivnn tlic 
bed of tlic! machine. A matdiino tool 
f<»r cutting stereotype metal will not 
w'ork cniciently at a mtich less speed 
than 12 ft. per second between it and 
the metal, fti ordinary eSses, the cut 
is dean and easy with such a s]tecd, ayd 


7 >artides of metal to wpfd together, ami 
also Jb)' some (d’them to \vdt|^upon the 
clean surlace of the work, thus making 
it rongli, hut a minute tilm of thin 
mineral inhrieatiug oil prevents the 
tomlency to wtdiiing, and it is generally 
Hullit^ieut to allow a hrush charged witl» 
the oil to very lightiv fday against the 
cutler or the work, according to ci^*- 
euinstauces, Tlie free use of oil on 
stereotypes is (d>jectinnalile for ohvion'' 
reasons. For heavy work, water con¬ 
taining a little .soaj) is more* efficient, 
hut it must he used freidyi^ The above 
remarks as to tlie relation of stereo- 
fyjie metal to cutting tools npfdy inot^ 
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osjKM-ially to iJic ordinary and rathor 
hiill alloys. 11. is a inatlrr of'surpiKo 
to nil! that a jdanln^ machine witli a 
revolving cutter liko that ummI for 
thickneasini,^ iloor lioanlft is not always 
used for the }»acks of stereotypes when 
]d:inin£j is required. 

Ill most casi^#—at any rate for joh- 
binj^ work—the stereotype jdutes arc 
liroujjht qi to type hei<;ht hy being 
nailed or bcrewtsl down on malnu^anv 
lioards, these being, rimglily speaking, 
J in. high; and, from the printer’.s 
jioiht of view, it is very desiralde tiuit 
the thickness of the whole shonhl 
exactly equal the height of the tyj»e, a 
matter wl’.ich may wry w^ell he gangeci 
by a sort of bridge (Fig. ;i08), under 



Gauge for lieiglit. 


which tlie mounted stereotype can he 
ju.''t iiasscd if it is the riglit hciglit. 
Wood Idocks expand wlien expitscii to 
damp, and contract \Yhen theyiijy, and 
consequently they vary from time to 
time; io jirinters, when using wood- 
mounted stereotypes, wouhl save time 
' by jiassiiig thjin one .at a time, ami face 
doAvnwards, luidor such a bridge set to 
tyjie he^ht. The hi\v jdaces can then 
be readily bi'ouglit up witii paper 
jmfehes in far less time than when 
made up in the clinsc. As a matter of 
fact, stcreotVjMjrs very sehlom sentl out 
the blocks too high, as the printer finds 
it much easier to ]»ack uj> ihiiu to plane 
off. 

Printing from stereotypes becomes 
much morc*easy an<l certain if, instead 
of being mounted upon material which, 
like Wood, varies in thickness with 
difleronoc iti the degree of dryness, the 
^ stereotypes are cither cast type-hl^^h in 
the first instance, or are mounted upon 


.some firm foundation U(pt. sutije<.t to 
cftiibidcrahlc ^ a rial ions of tiiiekuess, 
(!.'iHting the jdates l\pt-liigh is a 
common practice for ephniuMal work, 
as in that cum: the plates <'an he melteii 
as soon as done with ; hut it is tlie usual 
firaotice not to cast the jilate quite 
solid, a number of holloAV .sjiaces at tlie 
bottom, generally archcii or domed, 
serving to lighten the plate. Any 
]>ersiiii Avith elemenlary notions (tf 
handicraft tan devise for himself ready 
means of making cores for placing in 
the castiiig-liox so as to ]iroduce the 
reijuired cavities, and se\cral ingenious 
forms of adjust.ihle (oio aie n(»\v ma<le, 
animig whicli may he speciaJIy men- 
tii'iied that in >vhich a set of’core-bars 
of graduated sizes enables one to readily 
cast iyjpe-liigli ldoc‘ks to any required 
width. For very sir.all blocks, it is 
more convenient t<» cast s<did, ami if 
reasonable care is taken, tlie blocks may 
he cast m» accurately to ty]»e-hcight, 
that planing at the hack hecome.s quite 
unni'ci'.ssarv, and the sides may readily 
s(]iMred up with the hand ]dane 
(Fig. or sometimes it is more 

convenient to cast small metal mount- 
ing-hlo<dcs, and to solder the thin 
sfmx'otype.s iqion these. 

Metal Tuounting-hlouks, upon whiih 
hev(‘l-(*dged stiu’eotype jil.des are liel<l 
hy catches ]>laceil round the edges, are 
on the market in variims forms, much 
cleverness being somctiiuos noticeable in 
tlu' devices for enahliiig the ]»riutcr to 
build u]i any required size ofiauunting- 
bh>ck out of stock size.*?. In the case of 
an ingonums device bv llarvev Dalziel, 
the loose are av(thh‘d, and by 

divitling the mounting-block diagonally, 
variations in .size are very readily ]>r4>- 
vided for by tlie luseitiou of suitalde 
tlistance pieces. Fig. .‘lOii illustrates the 
arrangi'ineut, TJie small diagram at 
the west side is a sectional view show¬ 
ing the clijis, whiPh arc one wdth the 
block.s, and it also shows tlie coring of 
the blocks, while the diagram under it 
shows a pair of twin blocks in plan. 
Next we have the .s:^p adapted for 
a larger ]»?ate hy the insertion of one of 
•the various distance pieces, a scries of 
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which is shown on the outer si<lo of the 
j;roup. Fine ailjustineuts enu iie lua^le 
by insertnil orJinury le.i*!, and it i.s 
obvious that tho^e adjustments ran be 
nm<le to take eilect either across or 
nioncj the pasjo, or may }>e a)>pi>rtioned 
between the two. 


shootinf; !)oard (Fij;. oOO) heinjy coiw 
veiilent for this purpose. For workini^ 
ill narrifw ]>Iaees, and close up to th** 
type face, a ‘^tinner” chisel of suitable 
width may he used, or a seraj>er shaped 
like Fij;. 1310, and (Hu of thf 

scraper may atlvantai^eo slv be sjroimd 



A verv firm and satisfaetorv blockinc: 
up of th(* stereo plate is a method due 
to lirightlev. A h'W short pie<»es cif 
wire are soldered to the back of tiu* 
liiate, and it is laid on its face and 
surrounded with a type-liigh border. 
A mixture of calcareous cement anil 
wat »r IS (illc<l in level \Mth tl>e top of 
the border, and a flat plate, slii^litly 
(died, is laid over and wcii^litcd. 
Jtriifhtlev used fbunan eouient, but in 
th(j present day Portland cement is 
more coinTuicnt, This meth<»d is un¬ 
suitable when tiie jdates arc wanted for 
immediate use, as in (»rditjary cases the 
mould should not he removeti for about 
12 hours, and 2 days should elapM! 
before the mminted stereotypes arc 
Used for printing. 

It very often ha]»pcns that, the st(»reo- 
type rer|nires some work done upon its 
face, such as (uilting a^'ay tlie )»arts 
con'es]«)iiding to large white surfaec.s, 
raising low ]»arts, or “sinks,** or soldor¬ 
ing in letters nr electrotypes. For 
chipping aw’ay (‘xfended whites, a very 
couveiiieiit tool is the carpenters’gouge, 
driven by a rather light mallet, an 
assortment of 4 ftr 5 gouges, the 
narrowest about across, being 

ample. When chipping away the metal 
with g(mge and mallet, it is desirable to 
]dace the stereotype on n jdaned iiam 
surface, pi*ovided with a transverse bar 
against which it can rest, the iron 


1 on tin* (slge of the grindstone, so as to 
! shape it int(> a cliisel-Iike tongue about 
I wide, or a special tool, like 

: Fig. !ill may be used for scraping 
I between the lines. Soiiietimesa rout- 
I ing-out machiiie is u.scfl, in whicl*. a 
■ eoiiical doine-sliape I rcvol\ing (‘utter. 



'J n.in;'ukir senj/er. 


3 U. 



ParalUd ended scraper. 

provided with universal imtvenKmfs, is 
brought down on the plate; but, iu 
(fi'dinary oases, then; is little or n-* 
saving itf time by the use (»f such a 
machiiu!. When there is a “sink” on 
the face of the stereotype—-this being 
generally the result of an arching of the 
mould*—it may be brought up by _ 

* May arise frojn a scrap of metal <»r other 
foreign body iiridiM' tlio iltjng, penetration of 
Ihfiiid metal through a itole iiitlic tionff, or the 
Joint of the paper flap, IVom distortions of the 
inonld'dnring drying, or by cartdess clamping^ 
np in the casting-box. 


i 
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InviiiJC 111 ’* I’it'itf lace ilowii on a plaiu'cl ini' in a ^ypt‘ ri-tjuircs some care and 
iron Mirl’ace (a ol’ jKipcr Immuj; watciifnlness, bAt it is very easily doiie, 

interj«3scd if this is thnin;ht nc(s?s.san ), The stereotype is clain]»e<l face njjwaials 
and iiamnicrini; on tJie back with a on the ]»uncliin"*oiit .slab(l'ii'. oU), and 
broad and round-faced liannucr, siicli as witli the line containiiii; the false letter 
tliat nsc‘d bv shotMiiakors for beat ill" <int ininiediatcdy in front of the bridi'e. 
leather; a little paj»er taickiiii' beiii" The adjustable part of the bed, showu 
then pasted on tj|e back to support tbe at the left of tlie diagram, )a'ni '4 no\v 
liollow. In beatiii" down the •‘^ink,'*’ set so as to leave a i'a]) e\aetly under 
care inmt be taken to strike jn the the line, the ciiisrl (Kie. MKJ) is.nsopl to 
middle of file plaee lafluT tiiaii at the 1 make an ludentatmn round tlie letter. 
el"esj and li» stiike the fewest blows ! at any rat'* on those sidoh when* aeeess 

can he ha<l, the chistd beiiij; 
j»laeed with the nnbevelled 
side next the letter to he 
rennived, ami being lield mt- 
tically. A piim-h like one of 
those shown in Kig. «Uo, and 
of the riglit size for the 
lettt'r to be renio\eiI, is n«»w 
held iiniil\ atop of tbe letter, 
and IS «lii\en tlironirh the 
jdate by a hammer. Any 
metal driven heyond the plane 
of the hack may now be eut 
olT w'lth a shaij> chisel; and if 
aiiv indentation of the fan* 
Piineliing'out blab. round about tin ht>le is xisible, 

it can be dealt with as re- 
that will do the work, otiierwisc tlie commended in tlu' case of a “sink.” 
jdatc iii.iy be distorted so iiiueli as to *J'he Imle is now' trimmed, by means 
render it useless. Ji: the of a rectangular lilef, to the loire size 

thick curved slerc<itv}»es used for news- of tiie tvpe to be inserted, and the 
paper work on rotary machines, the t vjie, after lia\iiig been scraped clean on 







Tools lor removing falhC letters. 



machine minder w ill often biing iij) a 
low line* byMriving a cbLsol obliiiiiely 
into the jnofal above it and below it. 

Cutting out a fals-e letter and solder- 

* The standitiE; lines In nownpapcra and 
^periodicals are often low to jKiper, 


the sides, i.s inserted from the back. 
The face of the letter having been 

f Files of rectani^nlar FccUon down to a 
i square fUe about in. aen^wj^aii Iv obtained 
nt w'utcUmakA's’ material slnqisof (Jlerkeiiwell 
t or Solio. 
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adjusted to its exact position and level, 
the slereotyj»e is laid Vaco downwariis 
on the piUichini;-out slab, no paper 
bein,!; interposed between them. A 
little powdered rosin is dusted on, and 
witli a rather fine p«)inted s<dderin" 
bit a trace of s(ddor js a]ii>Iied at two 
oppoMte ])oiijts of the join. The shank 
of the i'' then nip])ed or ]jrok«*n oil', 
and tlie jd.ioc is iiled or scrajH'd h'Vel. 
Stunotinu'S a skilled workman will piil 
a i)alch of soldrr over a fabe ltdter, 
aiifl out of tins eugiMve the reijuired 
character, hnfc such a method of working 
is more usually adopted when a dot or 
the tail of a letter is broken oil* and 
must be replaced. 

The sohleriug is very t‘asy if a few 
Jiohits are attended to. The eojijK'r bit 
being Jjeated to a heat a little under 
rednes>, is rajudly eleaued about the 
])oint with a iih*, and tjuiekly dipped 
into an arid solution of chloride of 
21UC,* and thru rubl>a*l on a stick *»f 
soft sohler which lUclf lias been 
moistened with the same >nlution; it 
tlius lM*e.onies well anialgamaled w'itli 
llie soMer, or is ‘‘tiuuod/’ to use the 
expres.sioii rd the w'orksliop, T<i keej) 
tliG soldering bit in a go(»d coinlition, its 
tip may be ra[dtily dijyjjcd in the acid 
chb»ride (»f zinc solution after each 
heating, and being tlien charges! with 
solder it is ready for use on the stereo¬ 
type ]date, and if the ])artto be soldered 
is H])rinkled over w’ilh |)owdered rosin, 
thi.s will be sufiicient ])rotectioii, aufl 
the small drop of solder carried up on 
the tip of the bit will unite and How 
a'eadily. The acid chloride of zinc 
Solution should not be applied to the 
type metal, as it rather corrodes it than 
jirotecls it. 

When much soldering has to he done, 
as fur example, if electrotypes of wood- 
cuts are to be soldered into stereotype 
plates, a soldering bit, heated hy a 
small gas blowpij)%, is a great conve¬ 
nience and saving of time, and the de¬ 
vice represented in Fig. 314 is a specially 

* Comraerclal hydrochloric acid saturated 
witli zinc, and w^cn poured off firym the excess 
of riicra). h mixed with i its bulk of hydro- 
cliloric add. 


conveuieut one for the steveotyper, and 
the instrument itself can easily be con¬ 
structed hy any all-round mechanic. 
The tubes leading gas and air respec¬ 
tively (the air being conveniently su|)- 
plicd by a foot bellows) arc shown first 


au. ^ 
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4 

pa'',sing through a wooden handle and 

thence into the cylindrical head of the 

* 

apparatus, where is iitted a small 
llerapath’s biowjujic, the llaine of whicli 
jd.'iys upon the small copper bit held, in 
show'u, liy two lugs extending from the 
cylindrical head. A cock is jdaced on 
the gas-jdpe just over ilie handle, and 
where it can he opcrateil by the thumb 
of the right-hand, while the crutch 
sliow'u on the figure forms a convenient 
sujtport for the blowpipe wdien not in 
use. 

Although very little care and at ten¬ 
tion on the part of the workman will 
oujihle him to use ordinary sort sidder 
of the tinman without fear of melting 
tlic adjacent ])arts of the plate, there 
are cases where it may be desirable to 
use a more fusible solder, in which case 
Wood's cadmium solder may be em¬ 
ployed, It melts at a temperature 
considerably under that of ordinary 
solder, works nearly as easily, and is 
quite as strong. It is prepared by 
melting together cadmmm 2 paiis, tin 
4 parts, lead 2 parts. * 

An alloy of bismuth 2 parts, tin 1 
j»art, and lead 1 part, forms a BoUlei>' 
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ea^y t , ati*Iy stroiii;, iind 

l»(*lnw tlio point of 

water, Wlieu fii^uros liave to bt* alt(‘r(*(l 
sororal tinio^, this bolilor is couvcnieiit 
to lisLij us thobc lir.st riohlci-rJ ill ran bo 
readily ivniovod by iimnorsini; tho }dato 
m ludlin*^ water or lioatiiiL; it till, whou 
touoiied with u #et oii<* can 

fo.ol stouni lormoil, tiioii tho 

fii^uro u ,si’i;ht tap ti» drive it out. 

lu f'ti'rootyjdu^^^ tor nowsjiajior woih, 
everytliiiii^ is carefully »studiod to atlain 
spood, especially in the ruse ol tho 
ovcniii" ]iapor.s, and it lioroiuO' jm^sihU* 
to inouhl a pa^e uinl cu^l u pl.ito in 
al)out lO jniuute.s. Jii bUoli tlie 

plates are ounL curved, so ^L^ to lit tin* 
cylinder of tlie inachino used. 

Two workinon heat the Hong l*i inako 
the mould; a rollinjj; press hoiioj, <»ftcn 
Used to tiiiish the moulding;. '1 'Ih'iv is 
j^^'iiorully vory little paclviiii; i.f tlie 
wliitos to he done, so it siitlict's to 
sprinkle a litlh' wliiling nj»on the back 
of/lie mould, and s(‘ra)»o it into the 
iiollows Avith a straiirhi-cilir‘\ alter 
which the Juial thuknoss of hiowu 
paper is pasted oii,und ihe tonne i.. run 
uiulor a hot pross to dry, tlie heat hciii^ 
as great a*- cun he ventunid iijam witli- 
out damage t» the typo, Jn 
minulos the n ild is removed, linally 
dried on a hot surface ior anoLhor 
similar period, is <lu.sted with French 
chalk, ainl is tluni ]daced in a curved 
casting-box (Fig. tlio niotu-J 'm;ing 
poured in at the side of the page, wdiile 
ill the older p^vttcni of cur\c<l casting" 
box it was poured in at the top. Tho 
metal iioured from a largo throo- 

Vl O tl<l I A/l Iii/IIa l,l»r> AI, a l' im, «M It 


than is tho case with cidd metal. 
Therefore, the ordinary machine for 
boring the inside of the cast, and in 
which a single knife is made to revolve 
slowly and take one heavy cut (Fig.IWd), 
is less unsuitable than might at lirst 
sight be supposed. But in this c:\so, if 
* revolving cutter were used, uud were 


fed with slighyy scapy water by a 
series of conduits in the »'iittrr-h.ir, it is 
ijuite likely some cciiomy of time 
W'luld he etlccted. Soap, like fdl, soils 
tho siirfucc f»f tin* ty})e metal sulli- 
cienlly to prevent welding. 



Macimic lor hering ins de ol curved jdiites. 


A ooinmoii form of a|tp.iratus for 
trimming andTjevelling the edges of tlie 
curvcii stei'Oot.y]>es is that sliowii in 
Fig. ol7, tlieplutc hfing clamped down 
on a .suitable saddle, and trimmed liy 
adjustable knives, the holders of which 
are moved hack wards and forwards by 
hand. Another ti-fmniing machine is 
represented by Fig. .‘US. In this case 
we have a revolving cutter and the 
plate is lixed upon a siuldlc w'hich 
traverses and nitates hy^irmd gearing. 

Occasioniftly ]>lntes intended A>r print- 
uig on votary machines are cast Hat 
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anil afterwanls b**nt tn tl)e r(‘tjuirt‘>l 
curve, ami there are two ini'tluxls cf 
doiii*;* this, in c»no «‘:i^e the ])re- 

viously wanned, is loivcd down into a 



Ti tinniing rnr\ ( d pi if rs. 


31 ^. 



in \ oh hit: cutt< r. 


curved die by a sort of platten formed 
of stilf leaves of steel, but when 

the same machine is iniomjed to bend 
to any curve, a bed ]>iece, similarly 
formed of plates of Hjjring steel, must be 


laid over the die. In the other ease tlio 
slertMityju! is laid between steel jdatos 
thin enough to spring, and is rolled 
several times through a set of ,*i rollers, 
one of which is adjustafde so us to giro 
the re<iuired s(»t. 

In either eiw*, it is necessary to place 
paper or a blanket between the iace of 
f he htereotype and the steel plate, and 
the n'Milts of the bending are seldom 
(juite satisfaetory, unless the jdate to 
be bent fairly solid, as in the case of 
an ordinary iicwsjiaper ]iaL'‘e, any e\- 
terided whites interlering with tlie - 
regularity of the bending. In the case 
of eleetrol \ p(‘.s, which are ordinarily 
iiacked up with a softer metal, the 
bonding is easier, and cdectrotypes tare 
often bent that tliey mav be Holderet] 
into (*nr\ed plates for illustrated news- 
paj)er work. 

'J'he work of the newspaper .stereo- 
typer is very seriously intcrferctl 'witli 
if any wood-mounted Idoeks are inserted 
in the forme ho has to mould, the h«at 
jsassing so much more slowly through 
wt*od than thr<»ngli nu'tal as to mfik<’ it 
almost a matter of certainty that the 
mould will be less dry when over such 
blocks ; this being not only calculated 
to give a rough thee to the liiujSj hut 
also to lead to a distortion of the face 
of the mould in the second drying. 
Tiiis evil is especially np]iarerit in iiu; 
i^ise of the ziin; jiroccss bbicks, whi( Ii 
are made very thin, and are conse¬ 
quently mounted on an extra thii'k 
block of vood. The sepiyate moulding ’ 
of the blocks and casting type high, or 
the tiumntiug of them upon so'y,d metal 
bases, is 8(» easy that there is scarcely 
an excuse for being so unfair to the 
workman a.s to send pages containing 
xvood-mounted blocks xvheua stereotype 
is rc<jiiired in a minimum of time. 

Probably the interfering influence of 
the wood mount is largely responsible 
for tlie tra<lition that the pajter process 
:k unsuited for the reproduction of tlie 
tinost engraved work, but jiersonally I 
am quite convinced that if all or most 
reasoimblo precautions * a^e taken to 

* Snch as clean and evenly bnt slightly jd 
oiled original; well united, thoroughly scasoiUHi, 
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ensure tlie very result^ i:tercnt\]>es 
ran bo made by tbo paper ]>r<Kv.ss, 
wbirh are equal in fineness of surface 
ami ilrlinitiou to the best electr(*ty]>es, 
ami arc Mi]>erior in durnbilify to many 
of the veiy tliin shells of ro])per on ii 
linsr of vrr\ t,o% metal, \\iiich ]iass 
now-iiMlavs. The paper process is, 
ho^^evev^ m v ill a^lapted tor nn»uhliiit^ 
diiecd, iVoin wood cuts, ovMU;; to tht* 
aclioii itf the heal and moistuiotni tlie 
wttod; and jl. is seldom employed for 
this piirpitse unhss in tin* rase of \cry 
small Idoi'Ks, or when t mo neces^iiates 
li. 'file sleiritlype by tlie paper pro- 
<‘c.ss IS, %\]o‘n at its best, smnotli, 
bjilliant, and lustrous ou the face, 
T\here llie metal lakes the impress of 
the rmiiju’csscd aiul hardmetl matr:\ ; 
while flui huv parts, which are cast in 
Contact ith the sj*omj;y ]>int of the 
mould, are always Toui;li and often nn-! 
sound in the sense of being permeated 
li} holes and fauits. The dejiths are 
nicerv romuh‘<l and ibe sejnare shiuihb*rs 
of the tvj)e sliaiiks show not at all, or 
only faint IV. 

111 all ordinary stereotyping >voik, 
some moisture roniains in tln^ mould. 
Jt is ]»ossiLIe to make a fairly sharp 
east in a mould which is (piito. wet. 
Hy Using Wood’s fusible metal,* w'hich 
melU considerably under the boiling 
point of water—say between 00^ and 
C.— a very fairly good oast is obtainotl, 
the heat not being suHicicnt to ixUivert 
,the water into steam. This e^xpennuMit 
is intere.^ling, j?ot only as showing a 
possible means of making a stercofypii 
in a short** period than the usual time 
—-although the high priev of bismuth 
tends to put it outside pvaclb-al w*»rk— 
hut also as illustrating a ])oiut of some 

and rathoi dry flong; drying th<»rf)Ug!ily In the 
pn*ss with occasioiiul lightening up; long 
liiikirig of the mould ; in>n*us(» of Krcucli cludk; 
a snitalilc hard iifeial—say the tin alloy men* 
tioned—and tills at as higli a teniperntnn* iw 
•ir ^7”ld ViII hear; and a con^'iderabh* 
’head” and niaiclii of mcfal m casting, tlic 
margin being oi the full tlilckneBs of tlio 
guiges. 

* } part cadmium, 2 tin, 4 lead, and t bis- 
ninth. 


imjiortnnce, thnfjiii the case of a mould 
not very thorougiily dried, the best 
result is olit.'iJiiod with the metal at ns 
low a temperature ns ])racticahle, 
whereas in the case of a mould liaked 
for a long lime, the hotter the metal is, 
the better the result, provided it just 
stops short of buruing the juijiev ; so it 
is possible t<» liave failures (dther fr<un 
the metal being too hot or too cold, 
’riie use of Kremdi chalk on the face 
ol‘ the inoubi tends to minimise the 
mist hi«*f resulting from truces of mois¬ 
ture in the mould, hut as it nnauablv 
mak<‘.s the taco of the cast a litth' rough, 
it should only he used when needl'd, 
jVnnihcr use of h'rench chalk is wlieu 
numerous casts are reejuired from the 
same mould, as it tends to prevent 
adJiesion hetween the cast and the 
mould. When a large luuuher of casts 
are required Irom one mould, other 
jirccautious to be <d>servcd are to use a 
well-cemented and rijieniMl llong whiidi 
is not loo soft, to avoid making the 
mould too <leei>, mid to heat wdlh 
numerous gentle blows, rather than 
with a smaller number of heavy lilows, 
.as this lends to give a nmuld in which 
the deptiis are nicely rounded oil', and 
dll not follow The nwai'ly vertical sides 
of the t>pe fare. Again, patclie.s of old 
mould, or ]>ieces of thin sheet metal, 
mav lie laiil in the mote considerable 
dejdlis of the forme, so us to support 
the llong where subject to the greatest 
strain. Some stereotypers do this in 
the case of niiist ordinary w^ork ; while 
those w*ho have :i dillicMilly in lieatiiig 
the llong -without shifting it, do the 
same in the ^ase of all a cry open 
formes. 

The question of damage to type dur¬ 
ing the process of stereotyping is one of 
some importaiiee, and it mainly steps in 
when a higii tc'miieratiive is employed 
for drying. If tht.* forme is very 
tightly locked up in the chase, it may, 
in cAjianding and .softening under the 
heat, become elongated, wliile, ou the 
other hand, it may become shortened by 
the jn-essurei^ the dryiug-jfress. These 
two circumstances tend to make a 
newspaper fount become of unequal 

* 2 A 
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;inl tho fixiiU is rondored 

tis(d(‘ss. 

Lot tiie formes Lo lookt-d with only a 
inotlerato foive, snlhcu'nt to secure safe 
lifting. With liic enorinou'j |i(»\ver at 
the operator's eominaud, only a .slu^lit 
turn of the wrench produces enoii^li 
pressure ou the l\|>e t(» .s(*cure this end 
—which may he A^erilicd by o\pcrimeiit 
—and then loosen the formes as .so(ni as 
they are placed ou the hot stereotyjiiii^ 
hod, so as to allow for ox]»ansiou. 
When jiossible, lifting the formes at all 
shouhl ])c dispensed with: tiiey should 
he imposed and tlien slid aloiiLC on a 
continuous hed or impt'Miis; surface 
right on to the imuildini; hr l, so as to 
avoid all possibility of accident. With 
such (onvenieiice at command, there 
would he no necessity at all for exce.s- 
hivcly ])owtTfiil locking ajtparatus, and 
the ordinary w'ooilen (juom and sidc- 
slii'k wouhl ho htuud suilicieut. We 
strongly advocate the iiiMTtion of wood 
furniture—say ahfuit two-line jdca 
rcglct—hetweeu tlie long sidc-stiek and 
tliotype; for, in case of undue ex|»an- 
sinn of the type iu the jn'occr-s of mould¬ 
ing for stcreotyjiing, the wood wouM 
give xvay before the metal typo, and the 
latter would therefore be preserved. 

It is sometimes desirable to mould 
work, in case of a future demand; hut 
this is not done s(» often as it might, 
hceausjt the printer does not care to 
take the trouble of sending the ftirmes 
to the stereotyper. Now it is a very 
easy and inexpensive thing for any 
printer to mould his formes immedi¬ 
ately they come from the xnacliinc, and 
to keep the moulds iu^caso of future 
need. Take the formes fif a Ih-page 
publication; a set of light rnctal frames 
tit in the, gutters so as to bring these 
up to the level of the face of the ty]»e, 
d‘he jdeces itf flong—each corresponding 
to a page, xvith the necessary margin— 
may bo rather Avor-dry than moist; 
with them you can mould a page at a 
lime, and not many seconds are roqiiired 
for moulding each jingo, wliile ns each 
mould is imple it is liftc<l off and set 
aside. The formes need not even he 
washed, ns the remaining ink does-no 


harm iu this case; and the moulds 
being removed at once, there would he 
hut little risk td'adhesion, even if there 
Avere not a trace of ink on the tvjie. 
TJic damp moulds arc now laid between 
(juiivs of rough J»a]»cr, this being suHl- 
cient to keep them tint during the time 
of drying, which mayid)e several days. 
When dry, they are stitred away iu 
hundlcK. In casting from one of tlicNC 
moulds a few ])ieces of old mould .ire 
jiasted into the hollows at Ihe hack, mid 
tile brown pajicr ilaji is jiastcd as usual 
on that edge Avluch is to be the toji, 
but the extra thickm'ss of brown pajier 
at the back is <Ii'^])(msed with. In some 
new-paiier oflices, it is the practice to 
take the moulds otf some of the earlier 
p'lgcs while wet, and dry them 
sejj.’trately. Wlicn the mould is le- 
iiiifvcd wet, there is a contraction of 
about j linear. 

More or less surces->ful attempts have 
been made in the ilirection of moulding 
tlie ty|>e in a dry and spongy millln^u’d, 
mnl casting at oiU'C-tliese methods 
being rallt*d instantaneous stereotyjdng 
j»r'H*cfiscs ; but nothing of this sort has 
come into general use. The ju-essurc 
rerfuirel for a newsjiaper jiagexxoiild he 
onornious, ami tJic results hitherto have 
not been quite satisfactory. 

The paper jiroccss of stiM'cotypiiig 
lends itself very well to the production 
of jdates for jirinting in several colmiis, 
whether bir tyjiograjdiic or block Avork, 
A series of plates cast in immediate suc- 
censioii, in iiic same Avcll-dried moiiM, 
corresponding \''ery exactly; and it 
better to cut away from pch i>lal<^ 
those j»arts not Avanted, than t<\attempt 
to block them out in the mould, as tliis 
latter course may easily lead to distitt- 
tion. In cutting away the Avaste metal 
fj'om the plate.s, care must be taken not 
to strain or distort them, and for sucli 
ti purpose the routing-out tool alluded 
to is very useful. 

The mention of cutting away plates 
fox’ printing in several colours recalls a 
use made of stereotypes early in tins 
century by Charles Babbage. He would 
obb'da a number of casts of a block 
showing a complex machine, and by 
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ciittiui; tliriii away lie would produeo■ a 
l>lork showing each iin|»ort.'mi 
or;^an of the machiue, and thefts \V(Uild 
he printed alongside the roiiiplete 
i.kettli. 

Tobacco Pipes, 

AmonjT tlio branches of industry 

zy m 

whicdi lia''^' been a t'onsec{neiice of the 
iutr«»dnction of tcdmcco, the inaiuij'u- 
ture of pipes has bec‘(nne of ronsideraide 
importance. Imnienso quantities of 
W(U)d, ineerficliauTn, china clay, and 
j>ipe clay are amuially converted into 
pipes, principally in Knglaud, Kraine, 
ttcrinany, and Austria; a smaller (quan¬ 
tity heiug i»roduced in Holland and 
Tnikcy. W<M>den, china, and ineer- 
s(‘hauni jiiqics are made im*stly in (ier- 
inany and Austria, and among clay pi|)e 
prodnters Knglaiul takes the liist rank. 
Altimngh tlie value of cl.iv pijies iN 
coiiqiaralively small, the eiionnou'' 
(quantity in whiJi they are, !nad*» makes 
111 An an ijnjiorlant product ofiinlustry 
to England. 

6V((//,—^'PJie principal ]d]ie factories 
arc located in iKirsetsJiin^ aim Hevon- 
shlre, when* a jmre variety of potters’ 
clay is found in great ahundanco. It 
resenihies kaolin in its character, 
although it ooiitnins a little less silica, 
and remains quite porous after baking. 
The clay is first freed of all impurities 
by levigalion, and then undergoes rc- 
Jieatc'dly a ]irocess of kiieailiug and 
curing in ojien tanks, exjmstHl to the air, 
in much ttm H.*ine way as clay for t»ther 
purposes IS treated. After it lias 
acquiree# the desired jdasticity, it is 
divided into masses of alumt 50 Ih, 
each, which are tlien given to the 
formers. 

Tile first step in inakiug a jdjie is tlie 
formation of the stem in a metal 
mould, A small lnm|> of clay i.s left 
attached to thu rod, of which the cu]> is 
afterward formeil. The rod is then 
pioveed thrmfgh its length with an oiled 
brass rod, Ht^lding the pipe h}' the free 
end of the jtem, the operator now im¬ 
parts to the cup its external form by 
*pieans of u copper mould, in which, if ! 


ornamental pipes are to he made, are 
engraved the dt^igns. It is prt>\idtd 
with a j'in'iiig lo opm it autnmatically. 
'file ]>i|*e Ihcn to a thini oj^n-aior, 

wlio forms tin* In.-^ide « f the cujiwith 
Ids fiirgns, and (‘'taldisiies coiiiiiiiihica> 
tion hctwi'cii the cuq> and the stem hy 
)>icj*cing the ^('pai’ating wall with the 
hras.s rod. 'flie piq>e js noiv quit aside 
to dry in tin* sun, after Avhicii it is 
le.idy for the oven. Thn'c men fini.sli 
( 500 - 7 (M> pipes a day. 

Fig. ol‘.t reprc.seiits an oven used hy 
iMiglisii ]>i]H*inakers. The lire A is 
located centr.div in tlic (»ven. TIu* 

A 

heatcil ga-'Cs cireulalo tluamgli the .s]>ace 
li, formed hy llie walls of the oven 
and h\ the mutllc wldcli reeeives the 
\ ]n|»es. Tile latter are introduced though 
tlie door K, and arrnngi^d in the qxivitiou 
indicated, on shehes made of biscuit. 
An oven of this kind usually contains 
pijics. The jnjies aie generally 
haked for H i) hours. 

Onlinaiy qdpes receive no glazing of 
any kind, widle some of (he better class 
arc jiainted and glazed, 'flicy are V('ry 
jiorous, hence their tondcucy to adlu'ie 
to the lips. To OA’crcome this, the 
mouth ends arc diqqxnl in water con¬ 
taining a little jtipc clay in susq)onsion, 
and [Kilislicd. IH this means tlie ]>ores 
of tin* cl.iy arc sto]>ped. Tijics of hotter 
(quality are covered Avith a mixture of 
soap, Avax, :md gum, and then jmlished. 

lUtlicuily is occasionally experienced 
in bedding the juju*'! in jiroper position 
in the oven. Some nMUutacturers till 
the oven Avith fine sand after the piqies 
are in quisition. The sand fills all 
intersti<‘cs and suqqiorts the piqies. 

The (day pi/H‘, like the needle, has to 
undergo a large uiunher ot operations 
helbre reaching the state in Avliich we 
find it in commerce. Thu manufacture 
of it nnquires miudi maniq)ulalion, and, 
dcsjdte the progress of nu*( hanics, the 
machine has not beep introduced. 

For th« manufacture of yd]»es, all 
clays are not etquaHy suitable. Use is 
inad(" of plastic and usually white day, 
and sometimes of clay ndoured by 
metallic oxides. Such •cl.ays are uot 
met with in France in a suilicient state 
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of purify, nre i*V(H;nro(l from the 
Bel Clan Ar<lenucs. 


ES^” 






l*i|K.**niak(*iV oven. 

These clays always contain impuri¬ 
ties, consihlin^ of oxides, * sand, frag- 
irents of rocks, &c,, in variable propor¬ 


tion. Tlie iirst operation that tijo 
material underi|;<»es is consequently a 
cli'.min*;, \\ hich is done partly 
bv hand by children, and is 
iinUiuMl hy a washin^^ of the 
elav and alhnvins^ it to deposit 
in basins of larce liiinensions. 

The speomj i<vperation is the 
inixiii!^ oftlie earth*, in defi- 
nit*' ])ropi»rtions. A.s each 
rl.iy has a diiVerent pv<q»erty, 
llie inixin.rr of several kinds 
Is necessary in order to ol»- 
t.iin products that vary as to 
colour, hardness, &:c. 

This inixins; is one of the 
]<rincipal secrets of the niami- 
lacturer, and an operation 
that requires no end (*f study 
hcfoiv civinjy sucli a ]u*otluct 
as may he required hy com¬ 
merce. It is performed in ))n,i^ 
mills actuated mechanically, 
and identical with those used 
in ceramics. The clav comes 

v n 

from the iriill j>erfo(;tly liomo- 
"eneous and in a state of 
metlinin jtlasticity. Jt is 
then carried hv an elevator 
to the rooms of the rollers 
in the njqier part of the 
hiiildinir. Jt is distributed in 
hjuck.s over wooden table.s, 
around whi<h are seated 12- 
Jo-ycar-old children, who are 
called “rollers/* and Avho 
take .a block of proper si::c 
in each hand and form it 
into a hall hy rolling it on the 
table in diilerent directions, 
'fhen, exerting a ^>resstirc 
with the hand upon a part of 
the ball, and giving it a back¬ 
ward and forward motion, 
they A'ery quickly give it the 
form of a i>ii»o whose bowl 
and stem are in the same 
axis. They have produced a 
“r(dl," The rolj made, they 
bend up tlie head of it 
.slightly and piano it dlongsido 
of them upon a boai*d. T^ese boards, 
containing a definite number of rollS| 
are carried to tbe moulders. 







35ft 


TonACCO 


*V]iv inouM(*rs’ tool‘d uVc s]u^^\ n m Ki;^s. 
o21 ; tht'v iDcludc a iiiouM of ono 
or liKjro a cjaiiprc.s^or, a loirj^ 

needle, a steel knife, and a press. 

The inonlfi for siinide ]UjU‘s eoiisists 
of two ])ieees of hollow* sl<‘(*U iitlini; 
toireilier vtnv aeenrjiftdv. Kor onia- 
mental pipes it is of .several |»iee«*.s t>f 
ehiselled l»ron/e, lield toirt-lher in a steel 
ease. 'l‘he compressor is of st<‘td. and 
is mtuinted upon a leunlle, and has tlie 
internal ftimi of tlie howl. lie pre.s 
i' an fiidlnai’v \iee fiAcd 1o tl)e edge of 
the table (I'ig. 


timi in a ftwv instants on ]»ipos 15 in. 
hmirand 0*15 in. dianiotor in the thickest 
part. 

This ()pcration is perf*>nncd in the 
same way upon japes of all sizes. 

Tlie roll, thus jiiereeil, and ^till eon- « 
tamitig the needle, is jiheed in the mould, 
anil the latter is elo.seil and jmt in the 
jiress. Tiieu tlie workman takes lus 
(‘ompressur and j)Uslies it into tlie open 
jtart of tin* mouid until lie meets with , 
tlie e\ti"mitv t)f the neetUc that enters 
tlie hn\vl. The clay is thn.s coinjiressed 
and the excess is removed by nu*:ins of 



When the roll readies him, the 
rnonltler jdace.? his oj>eu mould before 
him, and then taking a roll, the head of 
which he jdfK^es ujion a sjiociul .snjijMirl, 
he thrusts hift needle into the centre of 
the tail of tlie roll, and pushes it uji to 
the head, guiding it with two fingers of 
the left hand, so :i.s to keep it exactly in 
the centre. An ine.xj>erienee(l jiersou 
who should try to Rhove the needle into 
the roll cr>ul4 not advanec^fmore than J 
in. without pushing it through the side, 
while tbe workmau jierforuis the <»]>era- 


the knife. The moulder then remove^ 
his tool, opens his jiress, and then hi^ 
mould, takes out the jtipe and passes hi" 
knife <iver it, so as to remove the traces 
of the junction of the two parts of th*' 
mould, takes out the utM'dle, ami place- 
hi'» pipe ujion a board alongside of him. 

The jdpe.s are arranged 'with care ujion 
these boards, with theii. stems resting 
here and there ujuin smal^sticks or el"C 
Ujion very fine sand. 

When these bonrdo are full they so* 
delivered to the liiusher, who allow'st*'*^ 
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)n}»t's to hunirii ji littlo lifforr fini.sluni,^ 
them. The iiui.sher liej^ins l>y passing 
anotJicT nmlie into the stem, iiien 
serapes oil’ the scams, an<l removes tlie 
lines or sears fornu**l oii the stem hv the 
various j»arts of the mouUl, and, with 
a eo])])t>r tool, imleiits tlic h£;un:s that 
an? to ajijjear r^aui the pipe. Jle then 
arranges the jopes upon other hoards, 
and leav » tlie needle in them S(» as t 
prevent a curvature of tlie stem diirii. 
<lrying. Tlie laiards, holding a gross of 
]iipos, are taken to tlie driers, >\huse 
tenijieraturo is very high, 

WhtMi the pijies are snilhiently dry, 
workmen pidish them with tools analo¬ 
gous to those used by burnislieis, ami 
\\lii(b arc niameuvrcd in tlie same way. 

The pipes are then earned to other 
workmen, who verify them, reject tlie 
defective ones, and jn’ocml to ]»ut the 
perfeci ones in the saggei's. Tiicse latter 
are terra cotta boxes, in whiidi tlie pijK-s 
are arranged in circular beds, tlic bowls 
]>l.U‘ed (low nwani, and the stems united 
alxive by a defective filein in older to 
]in'veut them from getting out o\' place 
during carriage. When the saggiTs are 
full they are carried to special furnaces, 
and are superposed as in pottery 
furnaces. 

Jn larg(? inaunractories, llie operati(*n 

of baking is tlio same as in jiotteries. 

The furnaces are in batteries of three ; 

'while one of them is being tired another 
• • ** 

IS lu process of cooling, and the third is 
being charged. 

Kacli furnace bakes about dOO gro'^s 
of pipes jierMay. The duration ol' the 
baking varies according to the clay, but 
it is iR least 5 hours, and sometimes 
reaches K-0. 

After th^ baking, tlie fiiriuu'c is 
allowed lo cool for about ‘24 hours, then 
the saggers are taken mit and tlic ]iipes 
are removed. The latter an* then 
examined, and those that arc well baked 
are polished anew. 

Although the pipe is finished, it has 
yet to undc^o another o]>eration before 
it can be infel, and that is dipping. The 
object of tjiis is to remove the pitrosity 
of the clay, which without this w^ouhi 
stick to the lips. For this operation the 


j pi]>es are i.iUen and dipped, one by one, 
in a hot bath •of soaji water and wax, 
and then drained and dried. 

Tlic manufacture of tlie comiuon pipe 
is at length finished; but,1ieti>ic being 
dcli\ered to tlie trade, certain olber 
operations are iie»‘e.ss.iry: it must be 
laLM*II*‘d, 4and certain styles be wra]tped 
uj), and all must be ]»ack(Ml. 

dill* packing is done in wootb-n boxe.s 
lied with straw. The J>ipe.s are ar- 
iMiiged alongside of each ittlicr in tli 
f)o\es, and the intervals between them 
are tilled witli line straw. The w'ork- 
nieii must have some exjierit-in e, for, if 
the packing is low tiglit the jo’ling that 
the box rccines will be tiaiisimttcd 
(o the interiitr and ]»rcak th'* pipes; 
and, if it is too loose, ibe pipes will 
strike against cacli other and pieces will 
be chip]>ed otf. 

This operation mnst be carefully JH*r- 
foriuetl, as smue bo\e to America, 
otlicrs to Australia, South Africa, and 
oven to Northern Siberia. 

All the operations aI»ove described are 
aptiliod to the wholly while pipe. If 
the pijie is colourtai, it necessitates 
M*\eial new opi*ralinns. After tlie jdjies 
have been baked, ilo^y are carried to tlie 
glazing room. The ojieraturs in this 
latter are usually women, each of whom 
lias ill front of hern scries of cuji.s con¬ 
taining litjuid glazi's of various colours, 
and each cup provided with a small 
stick, Kacb pi]K* is taken u[> by the 
operator, who, with the stick, puts a 
glaze upon it cither in tlic form of dots 
or hands. It is in this wav, dot b} dot, 
that the pipes that, are styled glazed are 
finislu'd. 'fbesc pipes are remarkable 
for the linisH tliat thev exhibit. 

The jnj>es thus ornamented are ar- 
rangiMl upon plates and init in furnaces 
raised to 11 high tompi'ralun*, where 
they undergo a new baking that vitrifies 
the glazing. Thou, after being labelled 
and wrapped up, tjicy are packed. 

So much for the manufacture of jiipes 
properly called. With such manufac¬ 
ture is incorporated an accissory one—■ 
that nf moulds. The moulds are id* 
.steel and »jf bronze. Woulds for plain 
J pipes are of steel, and those f r 
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orniimenta] pipos nrc usually of hron/c, 
0 -hUW‘(l internally. If thejape represents 
a head or a complicated .subject, this 
part of the mould is inadc in sever.al 
pieces, in order to allow of tin* removal 
of the oliject. Ill tins <*.'Lse tin* moiihl 
is always rmnjdicafed, and is made with 
dinieiiity, for all the parts of it have to 
fit act-uraUdy anti without lea\iug any 
seams on the fiiiurc. 

Tht* wtnkmcn who make tIH*^e nitnihls 
must know htiW* t<* sculpture vei*y well, 
and must alst) jiossess stmic .skill in tin* 
reprotfncfitUl of colU|dieateil suhjerts, 
and know liow' tti tlivitle .ind arraniic 
their imnilds. ^I'lieso monhis an* \erv 
costly. S«iinc cm, which furnish 

true works oi art, have co^t as nnu h as 

120 /. 

Wc .said in the heeiuniui^ lliat 
inechanic.s could not he ajij)Iit‘tl to tlii.s 
industry, and the reader has jmw seen 
that the only tjperatitm that could 
he performed mechanically is that of 
rntjulditiff. 

The (day pii*e industry is remarkahle 
from iiitire than om* ptdnt of vh'w. 
A^idc from the dilliculties <d' mannfae- 
turin^i;, wc find the division of labour 
]>ushed to its extreniest limit, and this 
permits of a cheap jiroduction ainl of 
low selling judecs after passing tlinmgh 
tliree hands—those of tiie producer, tlie 
wholesaler, and the retaih r. 

It is reniarkuhle, in that it gives 
einploymeiit to an entire tauiily, and 
that, TOO, w'ithout occasioning a Jatigiie 
disju’oportionale to age or .sex. 'this 
manufaidure i.s essentially Freindi, ainl 
its iin])ortance i.s daily incrc.asing, despite 
the formidahle c(*m])etition ot w<«Kh*n 
pipes and of cig.arcttes, Fryiicii ju'odiicts 
being much siijicrior to those of other 
countries, 

A pipe manufactory iicciijdt's an area 
of alxnit 100,(JIM) sq, ft., and give.s cm- 
jiloyinciit to 500-fhJO persons, exclusive 
Ilf chihlren less tlian 12 years of age. 
The annual jiroducH is l2O,0(Mi gross. 
The numlier of sfyic.s is infinite, and is 
daily increasing, as the (lealer is con¬ 
tinually iLsking for new models, (Acs 
Jnm'ntionfi 

The clay of wliich these* arc made 


is obtained in Devonshire, in large 
lunqis, which are purified l>y di.ssolvnig 
in xvater in large pits, wln^re the solu¬ 
tion is well stirred ujt, by wliicli the 
stones and coaisc matfer are iie]>ositeil ; 
the clavev solution is tlicn ]»oured oil 
into another, where it .suiisides an I 
deposits the cl.iy. Water, when 

clear, is clrawii olf, an*/! the elay at tin 
bottom i.s left siilliiientlV drv for in 
Thus prepaied, the <lay i" s[>ie.id oil a 
Ixi.inl, and bcatmi with an iron bar i** 
tem]>er and mix it ; tlnui it i.s ilivi»led 
into jiieces of the projier size to form a 
ti»haceu pipe; eatli of lliese pieces is 
lolleil under tin* hand into a long roil, 
witli a hulh at (uie einl to fui m the 
howl 5 and in this state they are laid 
lip in ]tju‘cels for a day or two^ until 
thev become suilii leiit ly dry for pre.s- 
siiig, which is the nest iir'McsWj and is 
conducted in tlic following manner:— 
The roll of <dav is put hefwajeii two 
iron moulds, cacli of which is inqtresscd 
with the figure of one-half of the pipe; 
hffore tiicsi! are Ijnmght together*a 
])i(‘cc of wire (d‘tJie sue of tiie bore i.s 
insi*rted midway between Ihein ; they 
are then forced togethiT in a pres.s by 
ine.ans of a screw uiion a bench, A 
lever is next d. pressed, by whi< h a tool 
eritci*'. the hulh at the end, and *om- 
jTesses it into the form of a howl; and 
the wire in the |iipe is afterwaard thrust 
ha< IvwartU and fiirwards l;> carry the 
tube Jielleftly through into tlie howl. 
The jives.-- is now' opeiieil by turning 
hack tlie screw, and the mould is taken 
out. A knife is next thny^t into a cli'ft 
of the mould lufl, for the purpose, to cut 
the end of the howl .smootli a|tl flat ; 
the wire is c.irei'uliv withdrawn, ami 
the pi]»c is taken out of the mould. 
'J'Jic pijies when so far completed, art* 
laid by 2 or davs, properly arranged, 
to let till* air have access to all their 
parts, till they become .stitV, wlien the\ 
an* dre.ssed wi seraper.s 
till impressioiu of the joints of 
moulds; they arc afterwiiruls .smoothetl 
and jiolihhed with a pie*‘e o ‘hanj wooil. 

The next proceh.s is that of baking or 
burning; and this is ])t!ifttrmed in a 
furnace of pecn!i:ir wmstriictiou. It 
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huilt within a ryliudfr of hricUwovk, 

liiiviug u dome at toj>, and a thimney 

risinjr from it to a <*onsiderahle hrii^ht, 

to the dn*ni:ht. Within fld^ 

is a lining of /ire-]»i*iek, liaving a lire- 

jthiee at tlie Itottoin of it. Tl»e jiot | 

(‘ontnins the is foriiieil of 

broken jiieecs of mneuted tog«‘tli<‘r 

bv iVes)i <dav, :i^ld iianlened iiv biiiri- 
• » * ■ 

ing: it Iris a mimber ot veitoal 
Mirrouiidino il, ooudiuting I'ne (i.iim* 
iroin tile iire-gmte into the di'iiu’, )uul 
IhiMULdi a lode in the d«>n>i> ti|> to tlie 
elmiilieV. Witiiin lin‘ jm >1 seieial ))i 4 .- 
jeiling rings are made; ainl upon these j 
the bowls of tin* pip's are snpjK 
the ends resting ni>on (iienlar jneo's <ii’ j 
)ndteiy, wliieh stand on small lo 
jnllavs li-ing up iii the ((litre. lly j 
this an*ang(*nient a'‘inall ]M)t or enuii»le ' 
enn he made to e(»iil.uu f »0 gross oi 
pi|ie-» without tile nsk of damaging any 
ol them. Ihc pi)‘es are juit iiilo th'* 
]tot at one side, when the (‘rueildo is 
(»peii ; but when filled, this oriliee is 
nn^le up with, broken jdju's and tiesh 
clay. At first the fne is but gentle, 
but it is iuereased tiy degree^ to tbe 
ju'oper temperatui’e, and sti eoutinued 
tor 7 -S hours, when it is damped, and 
snllrred to eool graduall} ; and when 
obi, tin; jiipes are taki idv fo 

sale. 

Hritr-root, —( 1 ) The bdlowing note 
i»u the .So-called briar-root japes i->from a 
report on (he trade and eouimevee of 
L(*glKirn :—An interesting iiidij'‘trv has 
been started here lately bv a ^’reneh- 
man from Cai'«asoune, ibr the {*\]Mirt of 
mulorial for the mrinufaeture of wooden 
]'ljM*s. #<imi[:ir works are als<i to !»* 
loiind at Sieniui and (irosset(». Seb*eled 
roots of the heath {Plrtva irW/on’.r) 
jireferi'iiee being gi\en to tbe inali* 
v.n‘i('ty—are collected ou the bills of 
tin* llluremina, wln*re tin' jdant grows 
luxuriantly and aft.'iins a great size. 
When brought to tin* faelorx, the roots 
«‘ire eleared of eartii, and any d<i*ayed 
I'arts are tnit away. They are then 
i^hajiud into b/»ek.s of various dimensions 
with a circiilai' saw set in mol ion by a 
wnuU Ktcam-engine. Great dextt'vUy is 

•>ieA-.(‘bHUYy i\\, V\urt '.Aage \u ewtfint' U»e 


wood to tin* best advanlaLe, and it is 

only after a lor^ a]>|U'eiitie**Nlup tha+ a 

workman is lln*ronghly etrident. The 

bbtcks are (hen idaeed in a vat, and 

sul)jeet(*d to a gentle .simmering for a 

spare ot 1- h(»urs, iUn’ing this jiro 

they acijmre (lie ricli yidlowdsh-brown 

line f(»r whnli file best pi}»e.s are iioleil, 

ami are tbeii in a eoinlitioii to receive 

the tin.ti tniiiing and boring, imt tliis 

h'. not done lure. 'I'be rou^h bloeks an 

ji.uked in :.nks conlfuniiig 40 to 10*» 

dozen e;n b, and nt .ibioad, pniniji.dlv 

to l iame t'loiid), wbere they au* 

iiuisln'd into t)ie famous G. lb U, <»r 

“ Tiju's de r*iu\ere/' know'll to gmokii-N 

in J-iiglami under the name of^Iin.ir- 

ro"t }>ij>e-,.” 'flu* pritdintioU of this 

ailn leis etju-'ider.ibb, 4 iiands turning 

uul ab(tut 00 s.ieks per mouth. C'ou- 

Mgiuneids are aNo made to Knglaiid and 

(illmany. {Uift'd. ('hnm.) 

(-) 'liie root of tile ‘‘llriar Ivy’'is 

the substance most gi'iu'iaUv used in 

Anicric.i for jiijie making, it la'ing 

scb'cted for the purpo.se ou account of 

diirabilitv, bnr\lnes-, and the bright 

jxdi^li A\hich it is cajiable of taking. Jt 

IS found thionghoiil the Southern Slates 

giiierailv—-the best (jualities growing 

m Virgmi.i—and is sent to the market 

in large jueces which vary in si/e from 

that of ii man's iibt to tin* ilimeiisiuiis of 

a good sized keg. It costs the inann- 

faituier f» ^(. per ton, the juice depoud- 

ing upon tlie <|iuility of the wiuid, 

'J'he ahoVi' information was imjinrted 

to ns hv one of tin* inanuJactnrers of 
* 

jiljies ill thi-' city, while wending our 
way from his otliee to the colI.tr under¬ 
neath tin* tin lory, where tin; nuigli 
briar-root Wa« steied. As we cnteied 
tin* last meiitioiKMl a}*artmeiit, we 
indict'd, lie.'iju'd against the w.ill'^, tbe 
odd sbajH'd jiiece.s of the wood. Some 
had just liecn rcct'iieii, Ibr awoikm.in 
was'busily engaged in throwing them 
imo an o\eli wliieh, liealtd hy steam 
Jiipes, served to dry mit all sap and 
nioistiii't* the wood miglit ctjitaiu. Jn 
the middle of the cellar a circular saw 
was in motion, cut ting the dry j.ieces 
into slices :*Jiout '-i in iilnck, w Viieb .ns 

!^^n1U U . Uui \o‘‘\ V 

« 
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ninl piled in rog^nlar lieajis. From this 
underground apartment, t!»e slabs arc 
scat to a drying room on one of the 
u}>per floors, where they are kept heated 
at !i moderate temperature for G 
months, during which time the wood 
becomes thoroughly seasoned. 

Following our guide, we next entered 
the worksli(»p. Here the clatter of in- 
nuinerahJe >\ heels and tlie buzzing of 
saws and lathes rendered speech (mt of 
the question. Picking our way ov('r 
heajis of A\ood and edging between 
countless belts, w'e were at length 
arrested before a woz'kmaii who, sitting 
on a )>eiich in which rcvfdved a eirenlar 
saw, had at his side a ])ile of the slabs 
which we had already seen cut, (bnvu in 
the cellar. Taking one jiiece at a time, 
he ]»ressed it against the blade, and in a 
tew sectmds it was divided into se\er:il 
smaller blocks of the shape of Fig. 

323 . 



The blocks vary in dimensions accord¬ 
ing to the size tjf pi]M» to be made, 
V(‘ry little of the wood is wasted, the 
odd pieces being alt worked up into 
stems or small pipes. 

The blocks^as soon as cut are passed 
over to the turners. Sidoding beside 
one of the workmen, we watched him as 


he placed the piece in the lathe chuck. 
A pressure of the boring tool, and the 
interior of the bowl of the pijie was 
excavated, then a«part of the exterior 
was turned; and finally the block was 
reversed, and, in a few revolutions, tlie 
end for the stem completed. The entire 
oj)eratiou did not occ|^’)y more than 10 
seconds, the pipt?, wduui thrown to one 
side, appearing as in Fig. 324. Still it 
W'as f.ir frtmi finished. It had to bo 
carved into shaj)e, anil, to xvitness the 
|>roeess, we were coiuiucted to another 
jiart tjf the room where tlie filers were 
at work. Kach operative had before 
him a revolving disc, one side and the 
edges of which were cut coarse or fine, 
like files, d'his inr»trumt‘ut removes the 
wood in either large or small quantities 
as may be desired. If the pipe is to be 
oruameut<'d, the finer files are used to 
cut away minute ]>ortions. The watrk- 
inen are all well skilled, and repn»duee 
apjiarcntly intricate designs with w'on- 
derful accuracy,* The most delij:ate 
work, -sucli as faces, flowers, &c., are cut 
by liand. 

After the carving is completed and a 
hole is drilled for the stein, the pipe is 
tlmroiighly sand]>apt'red l»y holding it 
against a Tevol\;ng wlieel covered wdth 
that material. Tliis done, it is pa^^sed 
to tile burnisher, wliere a brilliant polish 
is given to the wood by allowing it to 
rest against a votary disc made of layers 
of chamois leather. 

We next passed to the finishing room, 
where, seated at long tables, we found a 
number of w'orknien engaged in fasten- 
ing to the jiipe.s the pewter ^^ops and 
c<ivers, together with the small bits of 
chain an<l bauds wliich hold the stems 
and mouthpieces in jdaua. The latter 
are manufactured from the tips of horn'^ 
W'hich are bought from the comb makers 
for tlie purpose. These tips are turned 
to the shape desired, holes arc drilled 
through their length, and then they are 
bent into shape by the qction of heat, 
aud finally coloured black by a peculiar 
kind of <!ye. When completed, they are 
carried to the finishing room and there 
attached to the j»ipes. Nothing further 
remains to be done but to pack thf 
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fini.sliod in boxes, label ami mark 

them, and they are ri'ady lor the market. 

The bietoiy whieh we have deM-riheil 
inaiitjfactures over IbO tfruss of ])iiies 
Weekly. Other woods l>e^ides briar root 
are u^ed, none, however, equ.illin*^ it iu 
durability and beauty. Among these 
are •ijq)le, eherrT^ mahogany and ])ojdar, 
wliieli are made into llie eh*‘»aj>er pipes, 
which 4‘o.st *10-48.'-. pi‘r gross, '['he most 
eN]>ensive articles are made from the 
bri.ir root and c rveil hy hand, co.'-ting 
some dSs. per do/en. (6Vi/7ii, 

C/t(irciMtL —The use of (dnircoal intlie 
jjreparation of pipe heads, a buig time 
l»racti^ed, ha.s lately experit'uced many 
imjin^vements, so that m»\v jii]^*^ are 
]ui)dured remarkable Ibr a dee]) black, 
lustrous apjtcarance, and oi \ci*y great 
durability. TJie mat{*ri;d consists iif a 
mixture of jKirts best cliarcoa] black 
and 1 ]»avt best black J>ealy earth, 
ground so iinely that, when rnbljed 
between the lingers no trace of granules 
liu ]>erce]>tible Two parts t»f this 
mixture are tiien united with one part 
of an equally well pulverised residuum 
of distilled caunel coal, containing still 
a ])ortion of its bilnntcn, and the whole 
riiiibed togetlier thoroughly till all the 
three ingredients are uniformly t*om- 
bined. The niLxture is then pbmod in 
iron l)oxes. iu which arc sunken moulds 


of (Mb'iuin, ah these solutions are 
diluted, I ]>art salt, being used for 10 
parts water. In order to [frecipitate the 
solutions, tlic operation is perforin(*d at 
110° C., exocjit in the case of the silicate 
of alumina, for wliich llie solutions have 
a tein|K‘rature of about (k ((/) A 
solution of fused cliloride of calcium 
(I part to 15 of water) is ]ire<‘ii»itated 
at (k by a solution of suljdiate 

of soda (1 to 15). The precipitate of 
suljihate (»f lime i.s first dried, and then 
frtcii of the larger part of tiic water 
that it may contain, by <‘<imp] e.ssing it, 
and exposing it upon liiirdlesir a stove. 
FiiiallN, it i% totally <Ieh\<irated by 
heating it m a xi-ry clean iron kettle, 
'file sulphate of lime llius ]»repared is 
iu the foini of a \evy line and very 
white iiowdor. If is carelully jnescrved 
In hoxc.*, tliat arc kept in a ]>erlcct]y dry 
])lace. 

Into 55 lb. of waiter at 4*/^ C. are put 
ID lb. of ])ri*cj]iitate </ in 20 successive 
and nearly eipial poitioU'^. The mixing 
slmuld be done with much care and w'lth 


iMjdil stirring. '1 here are afterwards 
added to the mixture the following 
substance**, widgbed in advance: 7 / lb. 


of )ireci|dtate a\ 5 'k lb. 


of jirei'ijutate 


5; r>A ib. of precipitates. All these 
precipitates should be mixed with W’uter, 


and then the mass, which is in the form 


corrcsjionding to the jujic heads, and 
Avliile the boxes are then heated to the 
boiling point of water, stamps with 
rough surfaces are forced under hy¬ 
draulic presjrlfrc into the openings of 
the heads, so that this jiroceas, united 
with tlie increased toinporatnre, not only 
combines the carbonaceous mas'i into 
Compact pipe heads, but also jiroducesa 
smooth extefior, and at the same time 
a rough inner surface. 

Mcvrschaum. —^1'he following is a now 
process for j»reparing artiiicial meer¬ 
schaum, I*re<‘ipitates are pre]»ared by 
means of a solution of soluble gl.i.ss' 
(r/) of silicate of mngnesia, by ])reci]»i- 
tating it through a sohition of sulphate 
of magnesia; (5) of silicate of alumiiifi, 
by precipitating tbrongli a solution of 
alum ; (c) of silicate of lime, by jire- 
eijutating through a solution of chloride 


(d‘ «a thin boitilH* is immodiatelv intro- 

* w 

duced into a veshcl through a No. 2t) 
lu’ass sieve, and llience into wuodeu 
l)o\es tliat rc'-t upun large slabs uf 
pi ister covered wdth canvas, *and about 
4 in. tbiik. In about 15 -25 minutes 
the mass may be detached from the 
.sidt's of the iVamc by means of a blunt 
blade of brass, and the frame may be 
removed. The mass is left upon tlie 
slabs of plaster until it is siillicienlly 
dry to bo sawed into small blocks of 
various dinu'ihsions, according to re- 
quirenn'iits. Tlicse blocks are more 
thoronghl v ilrietl ufoii hurdles in a stove. 
1'hen tliey are worked w'ith a knife or 
in a lathe, and are waxed and polished 
!i.s in the case of objects made of genuine 
meiu'sclia^^ii. It shoi^d be remarked 
tliat, on introducing the liot mixture into 
the frame, care should be taken not to 
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iutro<iuco air hubbies at the saiuo time. I 
Varying proportidus at* Jirecipitatps/r, 

Cf may he Uhcd, The larger tlie pro- 
purlion, the liaidcr and heavier will he 
tlie iinal mass. 

TJu'rajiculif\ —'Diis ini]»ri»veil I’linn <if 

smoking pijie is introduretl to notier, 

piimariiy ti> pro\ide a meaiiN of I'om- 

bating the smok<‘r\s haint, an-1 to do 

anav >\ith the injurioits element in it 

to \\li!<*Ji it^ iMnelul I'lli’cts are due, ]»v 

ting tin* Jioxiinis c oust iT ui-nts <il 

tiih.MMO whii-t leaving 1 in* 

ai'omatie ]>iim'i))b‘S iinalbateii, tlu'reiis 

making it available for dailv nsj* hv 
” •• • 

delicatr' fn invalil .-smokers, tft ulmm 
total jirohil/itioii xvoiild »d’ti'n bo little 
short ot' a pimi^hment. I'ln* ‘'O-r.iilrd 
smokerV lieart .ind ( ouconntanl ^ ardaie 
troubles,” '•inokerV amauro-^is,” 
Mnoker\s sore-throat,” and otiier 
laryngeal, )»]iaryng<‘al, and na^.al dlv‘a^e^ 
e\em]dity this, ami stn li eases mav Im* 
]»ermitted the use id* their t4)hureo iVtun 
tills )>ipeat a time when possibly i1 (‘oubl 

not be alioweil tVom anv of the ifidiinrv 

• • 


iiicutina or iiieoLiiie, which is a colour¬ 
less oil at ordinary teinpcrature, but 
volatilises at 481)^ K.; (//) a volatile oil 
iiicotiauin or tobacco camphor; (c) 
volatile aromatic* principles ; ((/) wateiy 
\apour. The action oi* smoking as a 
nervmis sliiimlant is proliahly not due 
to the nicittino itscU', tyit tii the stimulus 
cd‘ tile smoke’ on the sensory ner\es of 
the moutli ami nare.s, wiiic'h relle\ly 
stimulates the Aaso-niotor c*entre, and so 
diKitc'silie ve.-.>els cvl’ the biaiU. Hencc' 
tlie dc'-'iiahihl \ ni grUmg nd of the 
nn‘otine. In tin* ** tln-rapeutn*/’ ]iipo 
print i]*les for n moving the nicotine are 
I airieii into practical elfci’t. A referem'e 
to i'lg. .>jr» will slnov that tlu* ]»ip(’ l/v 
a imMiiticatioii lu tin* boring dniiled 
into tiie llnee clmmbeis il, V, and that 
oc*ru|>iod hy tin* fitting !>, K iieing the 
bowl for tobac’ctr, i* a chainbm* below 1’, 
and jHc‘U]a»M| |)\ the radiator*’ A, 
whicli IS simply a ho\ with a jverf'U'ated 
tc»p ami l)i»ttom, and tils tightly on tim 
bush on the under surface of tin* Imwl 
by means of a ]iroji*cting rim. if this 



kimK. Sec-ondiy tlie pipe may be made 
useful as a means of turning to pra**lical 
account, and utilising tlie haiiit of 
smoking us an adjui^it to tri'atnu'ut bv 
iidiahitiou of volatile medic'ameuts, so 
that the vapour of the vemeiiy employed 
may ho directed to the alfeeted surfaces. 
*roh;icro smoke is a mixture of several 
Vol.itile ingredHuts, the chii-f of these 
being (/f) the volatile lj*piid alkaioil. 


b(t\ be lilb'd with any fine ])owder, all 
tiie snitd^e passing thiough the interstices 
will come in contact with the particles 
cd' powd<‘r and he* robbed of its heat, 
\vlnc*h is <‘arriod awuv by radiation 
tiiroiigh the jiipe luvni. ^he jminvuci* 
he a Volatile one, this faetijs aVfiilahle 
for thcraiu*utic*, j)ur])osea. The smoke 
next enicM’M tlie “smoke chamber 
W’here it is further cotded. Thereafter 



TonAcco riPKs, 


ir, aluniy thu tuln'-like cliamlMM* 

<*ont5im(‘(l ill the t'teiii, and (Km])ii*d l»y 
tlic aecniTinlator *' 1>, 3>, whirli ct^nsisN 
<i| a litnnih* oi']>ropMrod filnes ahoutin. 
Ions:, nnd by flu* (•i>iitii:nity of tlie iihrc^ 
t(t o;n‘h otlicr Uiis Innidlt* forms a scries 
(tf npillary tuhe^. 1 luixe ohtainod 
sinokii ahsointrlj'^^Yoc from arridity. I> 
is a rn|» for drainai^o, Jiotli the (ittiiij^s 
A and r» are readily i<'jd.no»l hy new 
<ines n Ill'll exhausted, >0 that a pipe 
Avhieh is al\ya\s clean imf the least nt* 
tin' I misideralions to l>e lionie in mind. 
']’(» nuake it ellective as a t hi'rapeiitie 
assent, the patient shoulil he iiisl rneted to 
I \hale the mcdieateil .smoke throiiipli the 
n>'se, hy nliicli aet if is eaiTied into tlie 
]diai‘\n\. C'hlorile id’ ammonium. 


sor, 

ont nsin^ to]>a<;eo, ])erfnrm the aet of 
, smokin?:, the eiirrent s<*t ii]> will eairv 
I the jiouder well ha(k into the fames, 
j the Miction i;ie:.tly faeilit itim; Ihi^. 
((’. W. .Imies.j 

Iluohiih, —Fisr* show.s hookah com • 

jdele. A, a sja‘cial mcer'^ehanm liow 1; 
l>. a turned piece of wood to fit Imnl, 
and left Ions: eiiouirh to 00 into coik; 

I ^ ^ * 

|t^ a 1 : 00 ( 1 , Round, ln^lit-liilins: rui k ; 
1 "1\ n ulass tulie ahoiit ]-in. diaimder, 
I litft'd into hotloin of I), and of sm it 
I a leiiolli as to he aholltllT in. aho^ e 
j h(frf(»in of ualer-hotfle. va-^'C, <?; 

'r, a MUiii! ]neet* of tiihe fi^Iass) J-iu. 
ihametei, put thronudi cork, and pro- 
jecliiis; .ihonl \ in. under cork : N the 
“.-iiale’' or lui)e <rnl>]>er -Ain. dia- 



tnimic acid, salicylic acid, heiixoie acid, 
.'ind sulphur,Jiave ail yielded saiisfaeiory 
I'o.siilfs, especittlly the first two, Aiiol iier 
pos'-ihle yse of the pipe is tliat of an 
insiitiijvtnr, fof hy taking out the accu¬ 
mulator 15, and char^ins: ciMier the 
^rndlator A, or the eiujdy stem xvitlt the 
)»owder to he insutlluted, and then with'* 


meter) attached to T; r>, the mouth¬ 
piece. Water in boft.lc sliouhl alwrijs 
lie aliont 11 in. below' end of tube T; and 
should be renewed frequently as it soon 
£;ets diMMdouved. Fi^. ol27 is a section of 
Fii:. Kiij. ^5‘JS shows p^lar U adapteil 

to an ovdimiry pipe, the mouthpiece 
Iwiing unscrewed, the bowl may be 
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tscrevved on tf» fare of pillar, instead of 
iiisortin^ \vhr»le stei of asskef died. 
Ki^. .')2!r> .shows the 1 tiokah, as <-oinui()uly 
used in India, A, 1 urnt. olav hinvl; [» 
turned wooijeu pillar; (\ coco-nuf slieli; 
B, hain))oo inoutl W at(T, rjf 

ourse, helow rntr? n(‘e to niouthpjeee. 
The letters refer to same parts in al 
the sketehes. If the eork can he 
sound, and of sullicieiit leie^lh, keep il 


come through tuhe in siilFident quantity, 
the tdp of the cork must he varnisliedj 
or have a coat td‘ rulher varnish. 


Taps, 

(1) A tap simple of conslruclitm, 
and costing next to Clothing, ron.sisls 
! of a cork, having a straight, clean- 



Simple fomiiit of taps. 


projecting above neck of bottle, as cut hole, through which is inserted 
shown by dot!?td line in Kig*327. If air a ]»iftec of glass tubing sealed at one 
gets into vessel, and smoke does not end, and having a small hole cut on onof-' 
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side. The position of said hole is deter¬ 
mined hy the length of onk used. 
Fig'^. and r»ol show this clearlv, 
where the first shows the taji c»|>en ; the 
•sennid shut. The njani|iijhitiou is <loiic 
by jtre.ssing the tube in and out- Fig. 
;b>2 is a jar BuitaMo Ibr jfnotognipliie 
or electric cell stm'k .«»oluticms. 

(2) A difJ'erentibrni of tap is sliown 
in Fig. Il'h'b To o])cn and shut the latter 
form, it is only nc<‘essarv to turn tlie 
tube on its aai.s, there ))eing a slice cut 
(iiagonally off one sitle of the C(H*k. 
This form is specially valuahlc yhere it 
is important that the volume of liquid 
in the containing vessel slmuld remain 
constant— 0 . g., burettes (Fig, OiU). 


cut with small, round file, kcjd. wot. 
Tlie corks may be of <'i»rk or rui)ber, as 
fnuiid most Miitabio. (K. McLaren). 

An indestructible walt'r-taj^, in¬ 
vented by iSir ^VilIiaIn Tlioin&on (Fig. 
.'Ll7), ifi entirely of metal, no otlier 
material being used in its coustruetbm. 
Tlie perishable rubber, fibre, or leatlier 
washer-valve enij>Ioyed in ordinary 
sevew-down cocks is entireh" dis}>ensed 
witli. Tlie perishable packing or 
Avaslier generally used around tlie 
.sjiimllo is also dispensed with. Perfect 
w'atcrtightuess is, nevertheless, ob- 
lairied. The metal valve on reaching the 
seat, also of metal, is not suddenly 
arrested and compelled to seat itself hap- 


3:i7. 



Fig. 335 Is^a handy separator (for hazard,butcontiniiestoturnn])ou]Ls.seat 
working with oils, &c,), made from an as the handle is turned, receiving mean- 
old olive-oil bottle, a hole being made while a gradually increasing jiressure 
in the bottom for an inlet. from a spring, centrally ajiplied through 

In calcium chlorixte U*tuhes that tliemediuni of the ronuded hoadof astop. 
require to be wcighoil accurately before The valve is thus r^jiibed upon its seat 
and after e|noriments, the taps will be at every opening and closing, and both 
found very u^ful (see Fig. 336). valve and seat thereby acquire and 

It wiH bQ observed that the sealed inainlain a perfect fit and burnish. No 
ends of the tubes are slightly inflated ; material wear is shown after the tap 
this prevents them being accidentally has been optmed and cloftd hundreds of 
♦pulled right out. The hojc is easily thousands of times, and experiments 
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show that even if the scat of the valve 
Ik' purposely dainaj^^'J it aiitf)niati(‘ally 
rii^hts itself. No packing is used lo pre¬ 
vent upward leakage. All water which 
jtassos tin* screw wlien the tap is open 
enters an annular sjm(‘p, and is drawn oil‘ 
iid.o the bill throiii^h the eilin'lion tube, 
in which a rtinent is iiulnfelhy the 
>(‘]<u*itvof the water flowing tliroin;li 
the hill. This deviro is lloirongldv 
etlee1i\e. The \^a.shers iised inordinary 
eoeks area souiee id' tniislanl innihle 
ami eApeoise. Niiiin'rmis materials liave 
jieeii tried ; bnt long cxpeneiiee liris 

shown that thev diller onlv in degrees 

• • • 

of badness. Hv Sir William TlimnsonV 
invention thev are entireh ahtiudoned, 
and ineial to inet.il is f«»r tne iir.->t 
lime rendered ]>erfe(dlv water-1 iglit. 

J^raitiial men ^\ill apjireeiate the 
iinportaiiee of tlu'Se nnjiroveincnts, 
^\hether for cold or hot water. For 
the first time a screw-down tap lias 
been ]irodiu‘ed with no perishalile parts, 
aiel so constriK-tcfl that the wearing 
parts — that is to sav the valve, and 
its seat—tend rather to imi>rove than 
deteriorate by nse. These. ta]>s liave 
now been under test and in use all over 
the country for more than a year with 
]»erfeet sueeess, and Users may therefore 
feel asMirt'd that in adopting them they 
arc not running any ri-'k or experi¬ 
menting with an untied invention. 

C7 

Tying and Splicing. 

Usually the size of rope is denoted 
by its circuirifereiiee in inches. The 
lieinp fihre. from which ropes are made 
is iirst spun into yarn oj- tlireafis, the 
longest fibre producing the best rojie; 
several yarns .spun together form 
strands, .> strands form a baw.scr laol 
rojie; .'j hawsers or U strainls form a 
cable-laid rope, when lAvisted together. 
Shnmd-l'i'jd rope has a central core sur¬ 
rounded by 4 strauifs. 'J'lic hawser-laid 
rope is the one most generally usi-mI. 
The (iuesiion of the strength of nipes, 
and their safe working load, under 
varying eircun^stauco^, is of great im- 
]iortanee. A se^des of cx^riineuts were 
carried fmt in IXl'A at the Royal' 


Arsenal, Woolwich, hy the Inspector of 
'l^Iachinery, the result of which showed 
that Italian hemp ropes are stronger 
than Rus-sian in the jiroporlion of liM> 
to 7(1 mav. or Dii’d min. Russian 
hemp rojies are (he least rigid in the 
jirojiorlioii of Italian ItiO to Russian 
iVoni iSO’d to Ihl’b, #Iift :il-o that the 
ilet.eriorafion of hempen imje's, after .i 
few numthri ue.ir, allhoug.h still ap- 
panmtlv good, was verv inarke 1. Willi 
the be.-^l. rope after b motith.s’ Use, the 
loss of strength was Uo-nO jier cent. 
^riiU'' slmwing the iief’e''sity of allowing 
a large margin of strength for sjiret\. 
Rope^ st(ove I away ill* tlamji ]dae»‘s, or 
]>ut away wet. nipidly ilei'*norate, so 
that, care should lie taken to sec that 
the ropes are thorougiily dry before 
being .-^toreil, and tliat the store-room 
also is tree from d.iinp. if stored awav 
w'et, sometimes the rojie is wmrni-oaten 
ill the centre, oivlng to the dovobipmeat 
of a sjiecie- of fungu•^, jirobably from 
the pa^te used, • 

The tliumii knot fi and figure of H h 
(Fig. icief) am used to prevent ro])es 
]i:vs',ing throngli blocks or Blipjting. 
To make tin* figure of H knot, pass the 
end of the rope under, round, and over 
the standing Jiart, tlien np thmugli the 
bigilt or loop. The i*e(‘f knot c is useful 
for joining together two rojies of eq[nal 
size. With dry rojie, it is equal in 
strength to the oti-yr jiart. If wet, the 
knot will g*nerally\s]ip before the rope 
breaks. 

The standing and runniiig parts of 
eacii rope must jiass tliroiigh the loop 
in the same direction, i. e. froii almve 
downwards, or vtce versa* If they 
jiass in the o^iposite, direction tlie knot 
is termed a granny, anil cannot be un¬ 
done w'heii tightened up witli the Banu* 
ease that a reef knot can. A draw reef 
knot d is imnle in the same uianner, 
except that a bight Is drawn tlirough 
in.stead of the rojM* cud; it es useful to 
(U'lst ofl'wlieu in an inacces^ifdc position. 
Single sheet iiend c is used fo? joining 
tlie ends of a 3*ope, or lianghig to a 
Itight. Take a biglit or double at one 
end, holding it in tlie left hand, and «, 
pass the end of the other rope Iield in 
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the risflit Land up thivjugh this Light, 
down ou one side undor and u}) over 
the bight, and under its own standing 
end. The double sheet bent! /, in which 
the running end is passed tv\ice round 
the bight and undor its own standing 
end each time, is used wliore gi’oater 
security is reriuired ; // shows two half- 
hitelios ; //, round turn and two half- 
hitches ; and i the risherintiii’s bend. 
Ill the latter, two turns are taken round 
the spar, or other obje(;t, and tlie end 
is ]>as.'.ed over the standing part, and 
through the turns next to the s|»ar, over 
its own part llien forming one half- 
iiitch, the second half-hitch being taken 
round the standing part alone. It is 
Very useful fur attaching ropes to rings 
or staj>1e.s. Sometimes it is n< '‘essary 
to shorten a length of rope quickly. 
This can be done as shown liy sheeji- 
shank 4; lay tlie ntpeiipin parts, and 
a hitch taken over each biglit, with the 
KtaruUng and running part'* respectively 
of the ro]H*, and drawn tight. To 
secure a rope to the end of a beam or 
spar, a c]<»vc hitch I t.in is used, made 
as follows :—Grasp the rf)pe with the 
left hand, back down, and right hand 
back up. Ihiversc each haml so as to 
form two ItMqis /, lay thtmi together as 
at w/, and slip the two lotqis so formed 
over the end of fH‘am or s])ar. In case 
tiie loops caniu>t be .slippeil on to the 
end, j/a.sfl the end over and round the 
spur, and bring it up to the left of the 
standing part, and again round the sjiar, 
in the same directh>n, to the right of 
the first turn, and bring the end up, 
between the s]>ar, the last turn, and the 
standing part /i. This is one (»f the most 
useful knots for making last to an object; 
it IB very simjilo, and so eflective that 
generally the rope breaks before slipjung. 

Timber hitcli o is useful for lift¬ 
ing timber or dragging spars. When 
' properly made, it will not sli}>; it is 
easily undone \vh u the strain is taken 
off, Pass the end round the spar, ami 
round its standing jiart, close to the 
spar. Then twist it two or three times 
back round itself, and draw tight. A 
half-hitch talcen with the atanding part 
fldd^ to its security. 


Bowline knot is shown in p r s. 
Holding the .standing part in the left 
hand, form a loop in the rope running 
end uppermost, loop towards the body ; 
]iass the running end uj) through the 
loop, as shown at p, down under the 
standing jeirt from riglit t(» loft, back 
over the standing part, and through the 
original looji; then draw taut the end 
and double of tlie looj> together r. A 
running bowline s can be formed round 
a spar, and tightened at any jioint. 'fo 
make it, take the coil of the rojie in the 
left liand, pas.s the running end round 
the sjiar from left to right, and draw it 
ba<'k with the right liaud as fur jis r*^- 
quired; still holding the end in the 
riglit hand; take tlie standing part in 
tiie same hand; pass the left hand 
under the standing jiarfc, and with the 
finger and thumb seize the running ]>art 
of the rope close to the spar; draw it 
underneath the standing ]»art from 
right to left and up, and at that point 
make a bowline knot ou it with the 
running end. The knot is then ^un 
through the loop. Its use is to form a 
loo]> at the end of a ro]>e that will not 
slip, or tighten \\\k 

Cats[)avv t: 2 loops made on a rope 
in order to hang a tackle on. To make 
it form two equal bights or loojts t. 
Grasp a loop in each hand, and ri>ll 
them on tho .standing part l> or 4 com- 
]dctG turns; then hook into both loop-J 
A, Fig. WMK This is an exceedingly 
handy method of attaching a rope to 
the block hook, owing to its siniplicif y, 
and the reaily manner In which it can 


be eased off. 

Wliipjiing 11 CD. To whiif*a rojie, is 
to tic a jiiece of small twine round tiie 
end, to jircvcnt the h! rands from un¬ 
twining ami forming loose ends. Rojm's 
intended for tackles particularly should 
be whipt>ed before the blocks ar*; 
tlircadcd. When treated in this manner- 
rojies will easily pass through the block 
sheaves, thus preventing^uch annoy¬ 
ance and waste of rojie, n being quite a 
common occurrence with srfme work¬ 
men to cut a yard off the rope end 
because it is frayed. Take a piece oi 
fine twine, 2-3 ft, long in proportion 1w 
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iho bize of tlio rojte, nml placo it iih j 
shown iit one i>n(l to thu rii^ht, tho 
other to the left, quite close to tlie roj>e. 
Wind the loop abc tightly round the 
end of the r<»|M! /, and tl»e two ends 
d e of the whipping twiiu\ a siitlieient 
number of times to seiuire the ends (!; 
then by drawing tl»e two end* dc tight, 
the wliijqiing is tightened up D. 

K re]>resents a <iouble Black wall 
hitch. It is u*icd for securing a tackle 
to a rope. To make it, ]daee the r<>]>e 
near its eml, against the hook of the 
block at Uy cross the rojte at and 
again inside the hixdc at c, if seized with 
a few turns of twine at d it will be 
more secure. Tins method of attach¬ 
ment will in a great measup^ prevent 
the rope from cutting itself on the 
hook. 

Oarri<;k bend F. Lay the end *tf a 
rope or chain iiniler its own standing 
]iart, as shown at (J, tlien with another 
Toj>e or chain c dy lay its end under 
both parts <if the eve Ibrmed by a fi, 
and parallel to tliat jiart whicii is 
uppermost; then bring it alternately 
over and under tlie parts (d* a h and 
itself. This knot is used for fastening 
the 4 guys to a derrick. But its 
principal use is for bending a largo rope 
to a small one. 

Drag rope knot II 1 K. This is a 
useful knot for attaching hand spikes to 
drag by. It may also be used as a 
ladder by securing it firmly at each 
end. 

The shcet-bcud or weavers* kiod A, 
Fig. 340. This knot is usually em- 
jdoyed by netters, and is called by 
.sailors “ the sheet bend.*' It is readily 
made by bending one oP the pieces of 
coi'd into a loop ahy which is to be held 
between the finger and thumb of the 
left hand; the other cord c is jiussed 
through the loop from the farther side, 
then round behind the two legs of the 
loop, and lastly upder itself, the loose 
end coming out at d. In the smallness 
of its size, and the firmness with which 
the various parts grip together, this 
knot surpassori every other; it can, 
moreover, be tied readily vdien one of 
the pieces a & is exceedingly short; in 


emnmon stout twine, less than 1 in. b 
hitllicieiit to form the loop. The above 
method of forming it is the simplest to 
describe, altiiough not tlie most rapi*l 
in practice; as it maybe made iu much 
less time by cros.siug the tw’(> cmls of 
cortl a b in li on the tip of the ftire- 
linger of the left lutnd, aiul holding 
tlicni lirmly by the left thumb, whicli 
Covers the crossing; then the part c is 
to be Wiiuiid round the thuml) in a lo<q>, 
us shown iu the figure, and pas.S(Mi 
between the two ends, hehiml a aiul 
before tl»e knot is completed by 
turning tlie end b dowinvurd-t in front 
of jtasstng it through the loop c, and 
tightening the w'lmie liy pulling rf. As 
formed in this mode, it is more ra[vidly 
made thnn almost any other knot; and, 
as before siateil, it excels all in security 
and compactnesr,; so firml)’ do the 
various turns giij) each other that, 
after having been tightly pnlled, it i-. 
verv didiciilt t(t untie; this is the ouB' 
dravvliack to its usefulness, uud in this 
respeet it is inferior to the reef-knHd, 
whicli is made in jirerdsely the same 
tnanuer that a shoe-string is tied, only 
pulling out the ends instead of leaving 
them ns bows. 

Binding knof C I>, This knot is ex¬ 
ceedingly useful in connecting broken 
sticks, rods, &c., but some difliculty is 
often experienced in fasteiiiug it at the 
finish ; if, however, the string Ls placed 
over the part to )>e united, as hhovvn iu 
1), and the long end b is used to bind 
around the rod, and finally passed 
through the loop d, as sliWvvn in C, it is 
readily .lecure^l liy pulling (/, when the 
loo]) is drawn in, and fastens tlf% end of 
the coi'd. 

Clove hitch K F, fastening a 

coni to any cylindrical object, one oi 
the most useful knots is the clove bitch, 
W'hich, although exceedingly simple ami 
most easily made, is one of the most 
]>uzzling kuots to the uninitiated. 
There are several modes oI forming B, 
the most siiiqde being perhaps a.** 
lows:—Make two loo]^s, ‘precisely 
similar in every resjiect, us a and h in E, 
then bring b in front of a, so as to 
make both loops correspond, and pass-** 
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thorn over the to be tioil, 

ti^hteuiii*: the ends; if tliis is ])ro]>erly 
done, Uh! knot will not slip alllioui^h 
surrouiidiiis; a tolerably smooth eylm- 
drioal object, as a ]dllar, pole, 

Tins knot is empbncl by surgeons in 
reduidnir diblo(‘atioiis of the lust joint of 
the thumb, and by sailors in great part 
of the standing rigging. The loop 
whit h is formed when a cable is passed 
around a pust or tree to secure a < 
vessel near shore, is fastened by uhat 
Bailors term two half-hitches, which is 
himj)ly a cbive hitch made by the end <»f 
the jopo which is jiassed around the 
post or tree, ainl then inatlt? to describe 
the clove hitch around that ]»art of 
itself which is tightly strained, as in F, 
Tying a j>arccl G II. The tying uji 
of jiarcels in paper is an oj»cratioii 
whicli ii» stdtluiu neatly perfoniUMl by 
persons whose occujiations liave not 
given thi'in great facilities for constant 
]irac.ti<‘e. Let a single knot }>o made in 
the end of the cord, wdiich is then 
pansed around the box (U' jiarcel. This 
knotleil end is now tied by a single 
hitch around the middle of the cord G, 
and the whole is jmlled tight. The 
curd itself is then carried at right 
angles round the end of the ])arcel, and 
where it crosses the tratisvcr.se coni on 
the b4)ttom of the but H it should, if 
the parcel is heavy and requires to bo 
iirinly secured, be pasMid over the cross 
cord, then back undenjeath it, and 
juiIUmI tightly, then over itself; lastly, 
under the cross cord, and on around the 
otiicr oinl of the box. Wlieii it reaches 
the top, it must be secured by passing 
it under that part of tXe cord which 
runs lengthways in «G, ]iulling it very- 
tight, and fastening it by two half¬ 
hitches round itself. The great cause 
of parcels becoming loose is the fact of 
the cord being often fastened to one 
the transverse jiaijts as // in <1, insti^ad 
of the pi“ce running lengthways, and in 
this case it invariably becomes loose. 
The description may perhaps be ren¬ 
dered clearer liy the aid of the figures, 
which exhibit Che top and f>otiom of a 
box corded as described. The cords, 
howeverj jire shuw'u in a loose state, to 


allow their arrangement to be jicreeived 
more easily. 

Short splicing I K, 'i’herc arc two 
Avays of making a short s]»Iice—one by 
passing the strands left-handed, the 
other by pas.sing them right-handed, 
lint the former inetlyHl is tlic more 
generally adopted, because of its neat 
ap]>i;arauce. Unlay the strands of each 
nq)e about 1 ft. or more, then crutch 
tliem together—that is, Jay them so 
that each strand lies in a groove of the 
rope. Afterwards pass a .strand of one 
rope over a strand of the other, as 
hliown in 1, front view, where N<». 4 is 
])assed over No 1, so as to form a common 
knot. In a like manner pass No* 5 over 
No. and No* 0 over No. 2. Draw 
these strands tiglit, and proceed as 
bdlows:—Take strand No. 0, K, back 
view, and after reducing the yarns by 
cutting ii few out of the inside, pass it 
over No, 2; continue doing so until it 
is worked out. It will be seen, by 
n'fcrence to K, that No. 6 is passiid 
three times over No. 2, but the third 
time it is merely pushed through and 
not drawn tight. Strands Nos. 4 and 
2 are in a similar position. All the 
corresponding Nos. repre.sent the same 
stranil, so No, 4 will pa.ss over thcs.ime 
strand (No. 1) till worked out; No. I 
over No. 4, and No. 2 over No. C, No. f), 
which is shown loose, passes over No. •>. 
In passing the strands be careful to 
rciluce the yarns each time .after the 
first, and spread them out so that they 
will lie flat, and also setr that all tint 
yarns lie ]>aralie], 

Sjdiciiig wire rope, L M N.-^fhe in¬ 
creasing use of endless * wire rope fer 
underground haulage, elevated wdre 
ropeways, and for hoisting, gives im- 
iu)i*tancc to methods of splicing. 

About 84 ft. of rope is required to 
j)tit in a good smooth long splice. 
The wire ropes empb»yed in ropcw'ay^ 
.*ir*» made of 6 strands of 7 Iwires each, 
and a core or heart; as 4h3ro are two 
rope ends to splice together, there will 
coiKsequently be 12 strands to bo tucked 
in. Operators usually tie the stops that 
mark the length of rope, about where 
j the centre of the splice will be. b* 
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lliis ca^c the usual way is to unlay each 
n»]ie up to that ]ioiut, aud ])lru’e the 
stniiids of ntpe a between llie >trands of 
lope /*, the cores or hearts of the ropes 
a and 6 being cut oil’ so that the cores 
of the ropes abut against each other. 
There will be tlieu 4l2 ft, <»f strands 
each side of ih'^st<»p, as is shown iii L. 

It is important that each strand 
slnnild be in its proper place, so that 
mine of them crosses other strands, <u* 
that two strands be not where one 
strand should bj (by jdacing your 
fingers between each other in natural 
]iosition this will be understood). Then 
strand No. I of ro}ie a is unlaid, aiiit 
strand No, 1 of rope 6 fellows close, and 
is laid snugly anti tightly witlumt kink 
or bond in its jdace, until within 7 ft. 
of the end ; a teinjiorary seiy^ing is then 
put on, securing ropes and strand.s at 
this point, Strand No. 1 of rope a is 
then cut off, leaving it 7 ft, long. Then 
slraml No. 2 of rope a is nnlahl, and 
i^trand 2 of rope b is laid in its place to 
uitiiiu ‘Jl ft. of it.s eiul. Strami No. :i 
of ro|)c a is unlaid, and strtTiid No. I* of 
rope b is laid in its jdace to within ;i5 ft. 
of end, lly this time you have rcaidied 
within 7 ft. of the centre, and, reversing 
the o}>eralion, unlay strand No. 4 of 
rope /;, and lay in its place strand No, 
4 of rope a, to witliin 7 ft. of its end; 
tmlay No, b of rope b, and lay in No. f) 
of rope «Y, to within 21 ft, of its end ; 
finally, unlay No, fi of roj>c b, and lay 
in its place No. fi of rojie a, to within 
3r> ft, of its end. The strands aie now 
all laid in tffeir places and seized down 
for tlm time being, the ends are cut oil*, 
as wiHi the first strand, to 7 ft. long, 
and present the ajipoarance as in 

The next ^^icrntion is to tuck in the 
ends, and we will proceed to tuck in b I. 
It will be remembered that the routes 
arc made of 6 strands, laid around a 
core or heart, usually of hemp, of the 
same size. Two clamjis N made for 
this juirr^i^o are fastened on the rope so 
as to ejiaoltf the operator to untwist the 
rope sutliciently to open the si rands and 
permit the core to be taken out, which 
is cut away, leaving a space in the 
centre of the rope; the strand b I is. 


placed across « 1, and put iti the centre 
of the roj>e fn ]dacc of Ihc extracted 
core, forming, in fact, a new core. A 
fiat-no.sed T -sliaped TU'cdlc used in 
splicing, the point of xviiich is about 

in. wide by in. tiiick, roiimlcd otl 
to an edge, well adapted to tliis ]iur- 
po^e. The strand b I is laid in its 
entire length, the core being cut off 
exactly at the extremity of strand b1, 
so that when the roju» is enclosed aroumi 
the. iii'-ertcd strand, the ends of the 
strand and core should alnit. If there 
is inucli space left in tin; centre of the 
nij>c witliout a core, tlie rojit? is lialde. 
to h\se its projjcr form, and some of the 
strands fall in, exposing the projecting 
strands to undue wear. The same 
o]>erati<ui i.s pciTorincd with u 1, rimiiing 
the other way of the roj>e, and so im, 
Yintil all the strands are tiuked in, 
which, if jiroperly done, will leave the 
rope as true, and round and as strong as 
any otlier jiart. 

Some ojierators prefer to start from 
the end of one rope ami consequent end 
of .''jiliee. Tlic tiperation is about tlie 
same, but more eare has to be used in 
bringing all the strands to an even 
tension in the parts sjdiced. 

^I'he diamond hitch, Fig. ;141, Thisi.s 
largely used for tying goods to lie carried 
on animats' backs. Tlie pack saddles e 
may be of tlie .sinijdost dcscrijition, re¬ 
sembling small, light sawbucks, with 
side boards fastened umicr the crossed 
jiieces, to ctmie njion the animaFs back. 
In saddling, a piece of blanket is fiist 
put on, then the saddle is girtlied, or, 

cinched,” on x’ery tightly. 

The opeintiou of packing involves the 
use of the Jieculiar knot, very famous 
in its way, termed the diamond hitch.” 
lly its agency the packs are fastened 
rigidly in position on the back and sides 
<»f the animal canying them. After 
the anim.'il has been saddled, the ])acks, 
divided into two eym portions, are slung 
up, lialf on each side, by two packers. 
To tlie jiarts of the saddle corresponding 
to pomnud and cantle, short lines are 
fa.stened. The packers hold the packs 
up again«t each side o^tlic jiack axiimal, 
and passing the ropes around the articlet 
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from urt(ionic;ith, and up, over, and 
across the back, tie the or.ds together so 
as to hold all in ]U)sition. Any small 
articles are piled on top, and all is ready 
for the dianumd hitch. 

T*i make this, a piece of 2 or in. 
ro)»e is used, alwait r»0 ft. long. < hn* end 
js fastened to a short girth or cinch 
To the other end of the cinch is secured 


B passes over the second and undc*r (?ie 
tirst lead <>f the rope lying across the 
packs, and as near tlie centre as may be. 
The state of things at this point is 
shown in «, Fig. 1^41. 

The left-hand part of the half-liitch 
is jiiiSM'd ximler the cross rope by A, 
while the free, end of the rope is passed 
as described by B. b sfiows this phase 


3tl. 



Diainoml hitch. 


A large flat hook, generally made of 

\vf>od. In the army a long leather strap, 

about 1 in. wide, is used instead of the 

rojic. Throughout the whole operation 

the packers work in pairs. One stands 

on the near or left .side of the animal, 

whom we sliall designate as A: the 

other stands on the otf or right side, and 

will 1)0 called B. The packing rope and 

cinch are taken bv A on the near side. 

• 

lie swings the hook end of the cinch 
across under the aniniars belly to B, 
who catches it. Then A makes a bight 
in the ]»aTt of the rope near tlie cinch, 
and thntws it over acro.ss tlie to]) of the 
park to I<, who inse/is it in the hook. 
Thus two leads of the rope run over the 
toj) of the jmek transversely. A then 
turns a half-liitch with a large loop in 
the next .succeeding part of |he rope, 
and passes tke free end to Bt Tiiis en<l 


of the operation. In this way two loops 
are formed, one for each side, A’s loot) 
lie.s under the cross line, while B’s loop 
comes rputside of everything. All these 
otteration.s are executed in a few seconds, 
no exact order being folhiwed. The 
tightening ]>rocess comes next. B begins 
to pull the rope backward and ujlwartl, 
grasj)ing it at /, j»utting his knee, or 
even foot, against the hoot for a puf- 
chaso, while A takes in the slack as fast 
as given liiin from B’s snc(!es.sivc pull.'', 
gras|)ing and jtnlling the rope at //. 
When no more can be gained, and the 
jKKtr brute is comj)ressed as much as 
possible, A passes tlic loop on his .side 
tightly around and j»art]y diAflerneath 
his half of the pack. Then B, gi'a.sping 
the rope at A, pnll.s diagonally backward 
and outward. This begins to “spread 
the diatnond,” lie iie\t puts lus loop 
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in ]M>silion, when A, tnkiiifi; holil of the 
froe of tlir ropo, ]mi1]s ]t diagonrilly 
forw.tnl an*! oiiiwaril, over the withers 
of ilio liorso. This r'oiupletrs the 
spnvuliii<:; of the (iiatiuuol, ainl it will 
)h' at oiwe seen that this separation of 
the two Je;u!s of the rope lightens it 
with enornunis _powei% After A has 


trying to relieve himself ]iy molion. To 
untie the hitch, the end of the lino is 
untied and cast loose, and withdrawn 
from unfler the cross load of the mpe. 
Then the wlnde being slaekoned, Die 
hight is withdraw^n from tin; IoM>h, and 
the I'ojiO comes njf without a kiV't. If 
a knot is formed, it is a sign that a 






sT'vimi tho final iinll, he ties the free oad 
‘d the rope wlierevor eonvoniont, thus 
eonipleting all. The final result is 
hhown in c, Tho. last two ]uills cou- 
Rolidating the j>ack nearly donhio up the 
poor nninial- ^ The cinch, often cruelly 
narrow, is arnV’n up into his belly until 
I ho profile Can 

body being violently uqueoicod upward. 
After packing, the poor beast will spine- 
limes go oir, as it were, on lijdoes, 


T.ickle, 

• 

mistake has been made in the tying. 

'file tightno.ss of the “ laving” to 
whicli the animals arc subjected has an 
elemoiit of mercy in it, because, if Die 
saddle shifts about, a sore hark in¬ 
evitably results. 

For ro])ing large, irregular bundles, 
the diamond hitch is well adaptcil, and 
its power in such cases is surprising. A 
simjde loop tied on the end of tlie ro]ie 
is made to serve instead of the cinch 
IcKip, {Matt, AmcrJ) 

Tacklk. 

Blocks are* used b»r changing the 
direction of ro]>es, and gaining iiower at 
the cApeiise of tunc. They are nuulo 
sometimes of w ood frames, wdth a ri»]»c 
strop ”aml tliiinhle eye. The sheaves 
are usually brass, running on a wronght- 
iron centre pin, whyli passes through 
tho frame and sheaves, big. 342 A show's 
11 treble block, Cewraily blocks are 
made with light steel or shoet-iron 
]>latps for the sides, strengthened l»y 
Avronght-irAi links, wheft the strain is 
most direct. The suspending hooks arc 
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connected Ly a strong cross bar to tlic 
side links, and are cajiable of licing 
e.asilv nuived, either round tlieii* own 
axis, or tlirongh au angle <tf on 
each Ride. lilocks are called single, 
<louble, or treble, acciirding to the 
ninnber of sheaves which revolve on llie 
centre pin. 8nat<’h, <ir leading blocks, 
are single, with an opening on one sbie 
to admit a rope xsitinmt parsing its end 
thi'ongh. 

A simple “tackle ” nmsists (d’ one <»r 
more blocks rove with a singh* rope or 
“fall.” When a tackle is in use, one 
end of the fall is matle fa'.t, ni\d the 
other is hauled u}»on. Tin* ii.ved end is 
called the “staiidiug” end, tlie other 
the “ running end.” Kaelj part fd‘ the 
rope contained between tlie blocks, or 
between either extremitv <anii a block, is 
called a return of the fall. To over- 
hanl a tackle is to separate tlie blocks. 
This sliould always be done from tlie 
Btaiiding, and not from the nutvalile 
block: to round in is to bring the 
blocks closer together by hauling on 
the fall. When a rope is jiassefl 
through tlic slieavcs of a block, it is 
bent to a curve suiting tlie radius of 
feach sheave j>asscd over. The slieuves 
should be exactly tlie same diameter in 
each pair of blocks working tdgetber. 
Owing to the stillness of tlie rope, and 
friction of sheaves on the pin, the 
theoretical jiower is consideral>Iy re¬ 
duced. The weight any Rystem of 
blocks will lift is found by iiuiltiplying 
the power by the number of rope^ 
attached to the movable bbu-k, irudud- 
ing the stamling eiul if lixed to it. 
For c.\am])Ie, &up]Mi.sc wc Jiavc 3 slieaves 
in use in each block, then^^the additional 
Jiower acfjuircil would be (tlieoretically) 
tJ, The average additional power re¬ 
quired for each sheave to compensate 
for friction is found to be about roughly 
10 i>er cent. With 3 slieaves in use 
this would be 10 <: 3, or 30 per cent. 
Therefore, to raise a weiglit of one ttm, 

2240 

a power of —+ 1*3 lb. = 970 lb. 


would bo req^'.ired. In hauling on a 
fall, men exert a pull of about 80 lb., 
or iialf their weight under favourable 


circumstances. In this case the least 
number of men requirwi would be— 

970 

~ or 13 men. 


TIuMTforc, in cab-uluting the advantage 
gained liy using Idocks. of the weight 
to be lifted must be* .added for every 
sheave in use, as shown in B. vSuiqiOhe 
it is required to lift a weight of 12 tons 
with a ]iair of treble-.sheaved blocks 
throadeil with a o-in. rojte, the tlien- 
gain of jKjwer is 0 to 1, and the 
power required will be of U tlie total 
resistance t(» be ovcrc*Mne, wdiich is com¬ 
pounded of W the weight to bo raised, 
plus the resistance arising from stillness 
of I'ojie, and friclion. Therefore wc 
ha\ e W + W f<u- each sheave in use. 
N»»w li slieaves are in use, tliercfoio, 

U = W + w. 

p 41 '''+ r. 'V 

1* the j>ow'er = “ —- 

♦> 

if 12 tons have to be lifted wc Imve — 



A giKuI rule ''or (‘alculating the “ safe 
wanking” strength a new ro[>c, of 
white iiemp, is to stjnare the circum¬ 
ference in inches, and divide by 8. For 
instance, the safe working strength td'a 


5-iii. rojie would be - 


tons. As 


.anotlicr example wc will calculate wdiat 
weight can be raificd Ify a “ tackle ” 
consisting of 2 tndde blocks, rove with 
a fall of G-in, ro]ie, without ftcceediiig 
tlie wwirking strength of the rope. 
Here wc have by formiiXi 

(1)^-^- =4Jtons 

as the maximum strain on the running 
end of the “ fall.” Then P = 4J tons*) 
and G P = B =r 27 t»>ns, as the theo¬ 
retical weight. For each* sheave in ns*' 
we must deduct of 27, or 2 f*‘*' 

friction. Then as we have 6 sheaves m 
use, G X 2^ = IGA, as the total ^ 
amount to be cleducied from the 
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reticnl gflin, leaving as the actual power 
27 - 10 »- or 10,t<»ns. 

Tlic following table gives the observed 
ratio of useful to ihooretiral work done 
in dill'ereiit tackles with white rojus fall, 
vi/.:— 


Theoretical 
IH»wer of 
tukic. 

• 

Percentage of 
useful work. 

Value of P. 

Single. 

110 j)cr cent. 

1 -Iw 

2:1 

81-1) „ 

O'02\v 

:i: 1 

75-0 „ 

0‘45w 

4:1 

OHM) „ 

OMJTw 

b: 1 

«i-r. „ 


b: 1 

fiO-O „ 

0'‘J8\v 


should be plajcd on a roller, and the 
end walked away with. li<»pes intended 
for reeving “tackles*’ should he well 
stretelied first. In order to do this, lay 
the ro}>e out to its full length; coinici t 
one end to the barrel of a winch, and 
the other cud to a holdfast, with a 
Bwivel-eyc t« admit of the rope unlay¬ 
ing itself. As the wineh is worked and 
tivc rupe made t:nit, it will begin to 
niilay; continue tiic strain up to the 

working strength” of the rope, 
JU'cording to the Adlowing table of 
“working strengtlis,'* wlien it may be 
left taut for an hour, and then reeved. 

Taiu.i: ov IIa\vsi:r Laid Cura>A<iE. 


If anything, the tabic gives a higher 
etlicieney than would l>e obtaiiuMl in 
ordinary use, Jt is highly necessary to 
keep blocks in goml tirder, to see that, all 
the parts arc sound, that the sheaves 
aioe quite free on ilie pin and juoperly 
lubricated. Tunc s]»ent in attending to 
these important details is well spent, as 
the friction on butlh' lubricated sheaves 
reduces their clUciency very much. 
Sometimes in using blocks it is found 
that they twist, and cause the ro]>c to 
ride against itself; new rope esjiecially. 
To jirevcnt this twisting, a bar is some¬ 
times placed through a part of the 
block.s, or at right angles to the 
“ returns ” close to the block. One of 
the best plans is to lash a handspike 
across the bl^ck ; a light line may be 
lashed to each end and act as guys. 
This Uwsting of the tackles during use 
IS a constant s<^uroe of annoyance and 
waste of pow^r often at a time wdicu 
tlie })ower is wanted. 

It has boon found by oxjicriment that 
if the blocks are allowed to twist one 
complete turn, the powei* required to 
overcome friction will be increased 40 
per cent. 

New rq|)o§ are bad to deal with at 
first, owing to their tendency to tw'ist, 
or, perhaps* we sliould say, untw'ist, or 
unlay. It is difllcult to uncoil a coil of 
rope without getting it full of “ kinks.” 
When practicable, the coil of rope 


(-irnimf^-reiice. j Sfifo working load in foiiK. 
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Kfqios us(‘d witli a thimble eye are safer 
tlian when ro]>es are slung over hooks, 
or fastened by knots. The hook of a 
block ^^ill soon destroy a rope under 
great i>ressuro. It is true economy to 
use eyoh where jiossilde and convenient. 
In addition to the “knots” given under 
Tying and Splicing,” p. ^>08, the follow¬ 
ing will be found useful in connection 
with blocks, C shows a “ ,seivag«o. *' 
formed of returns of spun yarn in a 
circle bound together. They are used 
principally for attacliing the hook of a 
tackle, the “selvagoo” being passed 
round the object iltid hooked into the 
tackle. To make a “selvjigee,” place 
two pins at n distance from each other, 
equal to the intended length of the 
“ selvagee: ” wind roliijns of spun yarn 
round the pickets until the “selva- 
gee ” is thick enough; then bind them 
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toiijt'ther ]»y hMlt-liiidios, ^vith the r«n- 
niiv' end at u distiuiru of 11 in, ai>:ivt. 

I) shows the apjilicHfiun to a rojie. 
Lay the middle part of tlie ** selvai^ee 
r)\'er the voj>e, then hriiis; Ivoth hiijhlh 
under and around the roj»e in (»j>|»f»siU* 
djrec’tions, until tlie hi';liS are th»e, 
then placT Die hook in both hi.ijhts. 

K shows a ilouble bend, ii'^eful for 
bonding; a small ro]>e im to a Inroer 
one ; it will be notieed that the Mualler 
r(»j»e is ]ias''ed twiee round the Inrj^er 
one. In F the bend i.s drawn taut. 

(j sliows a bio(;k hook, witli a few 
turns *if .spun yam taken round in 
order to ]wevent ils <lennni; it.self when 
hooked to anything, and is termed 
mousing ” a hook. 

11 is a tishernien’s bend. Two e4>m- 
]detc turns arc taken round the riiur^ or 
<»ther object, through the two turns 
next to tlie ring, over its own standing 
part, thus forming one h.all-hitoh ; the 
secctnd half-liitoli is taken nmiid the 
btanding jiart alone. 

1 is a rolling liend. To make it, take 
a lialf-hitch with the running end 
round the sfamling part, lash tlieiii 
together Just heyond the hiti’h, and .size 
the end to the standing jiart; eaidi part 
h exaetly alike. It is sometimes called 
a hawser liend.” 

VEl,0(.’irKl)E.S. 

—Bent Handle liar.—This is 
one of the most common in cidents whudi 
happens to a bicyclist, ami is also one 
of the most easily remetlied. If the 
Inmdle bar is hadly hent, turn the 
machine upside down, so that it rests 
on the .sadille and centre-fan head, get 
soinelJiing to iiisJen the stViiight i‘n(l of 
the handle bar hi inly to the ihuu', then 
take hold of the pediil, and stiinding , 
with one foot on the bent end, jiies.s it | 
gradually down until it is straight. 

r>ent Crank.—An^ither of the many 
troubles of a touring cyclist, who if he 
is in a h»ne]y park of the country and 
has a .spill, liiids on picking his machine 
lip that the crank-has bent sutricicntly 
to stop the frf.nt wheel fotn going 
round. The best wny to remedy tlii.s is j 


to lean tlic machine ngainst n wall or 
post with the beut crank inside, i. e. 
I>etw'een the wall and the wheel; then 
turn ^the wheel until the crank is at 
the highest jinint, and, standing on the 
j»(‘dal, jiusl) it sh>wdy down so that you 
do not bend the pedal pin instead of the 
crank. i 

Buckled Wheel.— (a) Tliis is what is 
known amongst inechanii’s ns a hurst 
w’hcel. Alost hu’vcle wheels will, if 
properly managed, spring hack when 
pulled; Oiis, Jiowever, is beyond the 
powiT of one alone, and is mo'^t easily 
accomplished by ah(uit four sitting on 
the ground with the wdieel l.iid flat 
between them, and, taking hold round 
the rim, jtuHing steadily until the 
wiiecd Springs, when in most cases it 
may be ridden many miles without any 
further bother. 

(^)) In nmst (’ases, if a buckh'd xvlioel 
is taken by two persmis aiul twisted 
back, it w'lll jump into its former posi¬ 
tion, and is often little the w<»rsH; Jf, 
how'e\er, it wobbles badly wdieu being 
turnc'L it may be juit right by slacken¬ 
ing all ilu; sjHikes, straightening the 
bent ones; tlien, casting the eye along 
one side of the wheed rim, the bends 
will be casilv seen. These inav he 
pressed straight over n block of wo<mI 
im the floor or bencii. When the rim is 
tJiu.s made straight, tighten up the 
spokes and true the wheel by measuring 
from hub to rim with a latli of wood, 
jdacing it close alongside of each sjioke. 
All this may be done by an amateur 
witiiout removing tlie tvre, and need 
cost liiiii nothing. ^ 

Bent Ba<'kbone.—Alfhough cyclists 
sometimes have the misfortune to come 
a <‘ro]»per, xvhich is so viidV^nt as to bond 
the backbone until it overinjw the front 
wliccl, yet it is h)' no moans so coininon 
an oicurrcnce as the accidents bofiwe 
incutioiied ; however, it is as xvpU to 
know what to <!o in the worst cases as 
in the more trivial ones, pojnetimcs a 
biK'khoiie is so far bent a.% to jnake it 
j)ractii:ally impossible for nnyonc but a 
skilled workman to bend it back to its 
projier, shape; but there are many in¬ 
stances wheiij with a little jicivicvorance 
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iiinl a i;oi)d (leal of iiltysieal streugth, 
one may ho Htrai^htun it that it can hv 
rnhleu A\ithoiii four of fiirtlier mischief. 
To straighten one then, tak<^ the bat k- 
bone out of the head iiiid ]»ut it (the 
head) under a heaA'y weight, or if you 
have a eoinpanioii get him to stand cm 
it, th(U» ]>nt a sjtme nr a block of wood 
under tim place uhere it i> bent and 
j>ress down slowly, becausn if you jerk 
it vou will iBi»st likely snap the !)aek- 
bone, which would leave yon in a woise 
])Hght tliau before, 

Ut'firu' JJt/ht jot \—I have fitted to 
my 5*d in. ‘•Kxpress” an adaptation 
of (fIalseor[»’.> light—the motor being 
uu ordinary magneto-cdcctric uiaclime, 
worketl by the liind wheel, and aidetl 
by a small pockit battery. The ttidy 
drawbruk 1 find is that when tin* 
madune is at rest tlie light is ex¬ 
tinguished. This is, iioweter, ob\iat«il 
in a measure by llie use of the poi ket 

hatterv. The carbons are fed bva ti.uu 
% • 

of wheels actuated by the front w livel, 
Ulo c(>nstiin}>tioa being about 1 in. jier 
hour. The ajtparatus altitgether does 
not take u\) imu’e room than an oidin.ny 
A'ali.sc*, and the light, to say the least, 
is very steady, gix iug about I'JOeandles, 
as shown by a photometer. Tlie mag- 
neto-eleetric maehiiui is of Iho ordinal v 

w 

type,having a rotatory magnet, and was 
jiurchased for the purpose for I7s. Ot/. 
(second-hand). Altogether the appa¬ 
ratus cost about b/., and gives me every 
]>ossibIc satisfaction, as with its a<sist- 
anee I can see ch*arly ‘dOO vd, ahead *»n 
a dark night.® (.1. T.) 

IlErApRiNG Books. 

llookbindiiicf has been already de¬ 
scribed in vol. iv. j)]). 2ii8-‘dUi\ 

Cloth-bound books, that is, books 
which have been sent out by the pub¬ 
lisher ill cloth coses, by reason of the 
demand for cheap hooks, are, at the best, 
but A’ery imperfectly bound; and, as a 
consequcu<e'4ifV.er the lirst reading they 
require To be repaired—in many eases, 
if the book is xvorth it, re-bound. This 
is not the fault of the publisher’s 
binder; he must do them cheaply 


881 

becau.se tlie i»uhlic demand a cheap 

book. 

Tliesc* books, during the jirocoss of 
binding, pass thnmgh from IG to liG 
din'ereiit ojteratioiiN, and the jwice which 
the hinder gets for his < oinplete w m k 
would hardly cover the co.st of sewin*'' 
in (»thcr < ircumstaiices; and yet every 
dodge IS tried to make them ii> strong 
as jjossihle, and to xvear well in the 
liaiids of the ))ublic. 

Whenever they begin to show signs 
of getting loose, or if a leaf or a section 
comc'i away, the lust i»lan i> to take 
tliein to pieces aiel re-se\v them and put 
them into the ca^e. Wo call fuis^re 
casing/* and if done propeily the book 
Will last x'ery mueh longer tliau it 
would have done in tin? original bind¬ 
ing. To <h» tins sncee.«-sfullv, jiroceed 
in the following manner;—Ujieu Imtli 
boanis baek until lluw touch <mc1i other, 
allowing the bonk tii statnl u]>ou one 
end,as shown at l’ig.;i4d; lusert a shar]> 
knite at the baik between the case and 
the book, and cut c.ireUilly down one 
side tliroiigli the lining (ainl tapes or 

colds, if anvk then down the other side : 

« ^ 

tliis will separati* tin' l} 0 (>k from the 
case, Tlie case mav now be laid asiile, 
and the book taken to jncces. IWgiu 
by laying the hook upon the bench with 
the float u]». The back will thus be at 
the lefl-liaiid. Lift the half of the end¬ 
paper wlin-h still adluTes to the book, 
and gently but linnly remove it, layitig 
it over to tiiO left-liaiul, wdth the face 
dow'n. l>o not throw it aw'ay; in the 
meantime it will keep the title-page 
clean. Kow turn over leaf bv leaf until 
you come to a signature: this is a letter 
or a nuinbei*at the bottom right-hand 
page of every section. The first whicli 
you will come to is likely to ho 11 or 2, 
ami this is likely on )>age 17, When 
you have found this, give it a gentle 
jiull, first from the head, then from the 
tail; this will expe^e the thread with 
w-hich the hook has been scw'ii; cut this 
thread all the way tiowm wdth a knife, 
and HO separate the sheet from the rest 
of the book. Now open this sheet at 
the ccnti-'s, and remote the threads 
which will be found; tlien scrape off 
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tljc t^lue from the back of the sheet, and 
lay it down tn>on the ‘jnd-papoi* fitcc 
d(jim at the left-hand* Go through tlie 
book in the same way, looking always 
for the signatures, which will follow 
in alphabetical or luiincrioal order. If 
divided at any other ]d:icc tlie sheet 
will be torn, which shoidd be carefully 


Dog-ears can be taken out of tlio 
leaves of a book by dani]>ing them 
slightly with the tongue, as the most 
ready means, and pinching them across 
the corner with the finger and tluimb. 

When the book has been all taken 
down, the joint is hammered out of it 
—i.c. you will find some of the sections 


343. 



Re-cosing a book. 



avoided. It may, however, happen that j 
a sheet has been torn even before the 
“ taking-down ” was commenced; in that 
case, ** tijj ” the loaf or leaves with jjaste, 
and lay it carefully along tlie back of 
the other part of the section. Leaves 
thus pasted do not open u|> to the back 
like the other leaves of the bnok, and 
this may be an objection to sonic people, j 
A narrow strip of tissuo-pajier will join 
two leaves together nicely; they can 
then be placed in the book, and W’ill 
open u]> as well as any other loaf. If 
a leaf is torn across the jmgo, take a 
little paste upon the finger and paste 
the edges of the torn part*^ jdace a striji 
of tissue along the tear, both sid(*s, and 
leave it to dry. It can then be torn 
away, and in doing so the tissue will 
skin or split, and leave sufficient stick¬ 
ing along where it was pasted to 
thoroughly mend ^the tear. Music is 
mended in this way, hut it will be best 
to pEtste the tissu's all over, and leave 
it upon the leaf; the heavy printing of 
the music shows through well enough 
to be read,and'ithe mend is^lardly seen 
at all. 


bent at the back, hammer these flat. 
When this is dune, it is knocked «]» 
straight and sawn in for three bauds, 
and sewn as already directed. The case 
should now be cleaned inside, all the old 
lining should be stripped oil', the back 
strengthened by putting a strij) of 
strong brown paper upon it. The book 
is cud-papered, lined, and put into the 
case; the directions for which Jmvo 
already been given. 

If a cloth case is torn at the joint, 
not attomi)t to moud it If/ setcing it, or 
even gluing a piece of cloth on the out¬ 
side of the c(>ver. Talw) it off the book, 
and insert a flat knife along the broken 
jiart'to raise the cloth fvom the board; 
cut a strip of binders* cloth as near the 
colour of the case as possible. Glue it, 
and slip it in below the part you have 
raise<I, glued side to tho board, of course; 
allow it to be broad enough to come into 
the back about half-way, rub it down 
well. Now glue the part which was 
raised off the cover with the finger, and 
lay it down neatly upon the now piece. 
The dotted lines in Fig. 343 will show 
the position of the patch, which must 
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bo between the board and t}ic cover. A 
corner may be patcJied in the same way 
by lifting the cover and slipjdug the 
]fatch under. If patches of cloth are 
])Ut on the top of the cover, they will 
peel otr in no time, and will require con¬ 
tinual sticking down. 

(Moth cases which have bc(a)ine faded 
or sjiotted by rum or otherwise, may be 
freshened «j) by washing witli diluted 
glair, about half .and half glair and 
Water, A large sponge should be used, 
and the gilded j>ai t>. avoided as well as 
]H»ssibIc. The glair dims the gold. 
Alter the book has become thoroughly 
dry, it should be ruldied lightly all over 
with a piece of pure rubber (not tlic 
vulcanised stuH'that isummI for cleaning 
jiaper); this will take away remaining 
dirt, and brighten up the gold a little. 

Leather-bound books arc treated much 
the same. It will, however, seldom bo 
necessary to ro-sew these, because they 
AS ill have been sewn much stronger than 
cloth hooks. If the board U torn away 
at the joint, t'eat it exactly as directed 
for the cloth book : I'ake away the case 
and patch it with a piece of leather aume 
colour as the original cover, putting it 
between the cover and the • board; if 
both boards arc torn, remove them nntl 
the old back as carefully as possible; 
raise up the leather along tlie back of 
the old boards, put on a ncAv jdecc 
0>i‘inging it over on both sides), turn it 
in, and lay down the old cover upon 
the top, pasting it well, and, wlicn 
thoroughlj'' dry, paste on the old back 
upon the nevf one. The book will aiM> 
require new end }»apors, Tiiesc can be 
}tut in^rom thendirectious already given. 
Instead of w'a.shing leather covers with 
glair, use pastc-wntor. When dry, a 
coat of thin shellac varnish Avill improve 
the apiiearance. 

^ It is, unfortunately, impossible to re¬ 
gild them uuless th<*y are taken to tlie 
original bindcr,whoalone has the neces¬ 
sary tools. New lctteriiig-])iecos, how¬ 
ever, maj* bb made at any binder’s, the 
cost of which would only bo a few^ 
})ence, and put on over the old one, or 
the old one may be removed entirely 
and the new »nc put in U« place,' 


Photographic albums are a source of 
much trouble,' The cheajier sorts are 
after a few weeks’ usage Aan*y much 
dihqddniod, and although we may feel 
proud of our collection of ]diotographK, 
yet we feel asliume<l of our album, and 
fail to bring it out when our friends call 
iqion us, and tlius deprive them of a 
jileasure and ourselves of a means of 
entertaining them. 

Albums may, however, be patched 
and mended to look as good as new, and 
may even be made stronger than they 
were at tirM. The point weakness in 
albums is the joints. Each leaf has, or 
should have, a Joint. In tloi better 
kinds these joints are made of cbdli or 
Icatlicr, You will (tbserve that tliese 
jtiiiits are placed underneath the ])a]H;r 
Ibrming the leaves, Wlien jintching a 
leaf, remove the p:ij)er carefully, or 
rather raise it from the joint, take out 
the old one and put iii the new one, 
whether it is leather or cloth, and paste 
the paper down again. Oo over every 
leaf carefully, and put in lunv joints 
where required. Take tlie album out 
of the case. Tliis is ea.silv done, as the 
end pa[>er is thick, aiul only sticking to 
the hoard at tlie edges. 

If there has been a lining on the 
back, take it oif, and straighten cA-cry 
leaf. You Avill lind them shift about 
in all ways if moved by the fingers, 
(line the back A\ell Avith good strong 
glue, not too thick, and cut a piece of 
strong linen tlie length of the buck and 
about 2 in. broader; glue this and put 
it on the hack, allowing 1 in. to come 
on each side. Take care to make this 
stick A\el] to the bark by rubbing it 
closely witb*^i folder or the handle of M 
tooth-brush. Stnuigthen the back of 
the case by gluing a strip of Itrowu 
paper inside. Place the album in the 
case again, glue the end-j)aj»ers, and put 
it in the press. Leave the Lack open, 
for if glued to the album it w ill not 
ojven freely, and tftc leaves aaUI stand 
instead of lying %t, ♦ 

The leaves are often slit Avhere the 
cards are put in. Those can be mended 
as the leqves of a la^k are mended; 
descri]>tion alrea'ly given. (^ 7 . Jfcc'/i, 
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Netting. 

(1) Tlie tools ein]»lov<*il iu nfttin*; arc 
exoeeilin^ly hitiii»le, and r.ii), in case 
inMfhsity, be made In* any peison with 
the aid of uu i»rdiuary ]>ocket-knite and 
stnue }>ie4'es of hanl wood. The most 
important are the needles on which the 
striiii; to be euqdoyed is wound, and the 
mesh ]tt*gs or spools on \\hieh the lud- 
tmi; is worked. 

NeVdles are of two kinds ; those maile 
alilve at both ends, with rotneroinir 
jjroni^s, betweJMi \s Inch the twine is | 
jiassed (u I'i*;. 'Ud), uiol thoM: made n itii 
ail eve and tonirnc at one end and an 
(►pen fork at the oilier (6 c »/), (hi tlu*'*e 
the twine is wound bv fastening it tti the 
toiioue, then carryiin^ it down one si !«• 
t<» the ]>roU!;s (»f the fork and brini^iiiij 
nji tlie otlier; tiieu Iiitcliiijo it ovcrtlie 
toii'Mie and raiTvini^ it down to the f<»rk 
aeain, on tlie same side as that it was 
brought up, and so rej)eafin<j tlie opera¬ 
tion until the ueeille has Millie lent tvsiio* 
wound njion it. The needles m.ide with 
eyes will be fmnd ^u]»erim• to those alike 
at botli ends, as they are not liable to 
be eauirbt iu tlie net whiUt wt>rkini;. 
'i'liey are made of various si/a's, accord¬ 
ing to the st(Mitness of the (;ord they 
liave lo carry, and are modilicd, so as 
to fit them for various uses. Sonietim<*.s 
tlie eye ainl tonoiie are made v<'ry lone, 
as in /y, which is a ruduce<l rejjroseiitation 
of a needle u-siul by the Hull netters, its 
advantage being that it carrie.s a large 
amount of twine, the hitches of which 
])a.ss round the sides of the Jong tongue 
without iiiakiug a sudden swelling, 
which is very inconvenientHo the iietter, 
us it prevents the needle being pa.ssod 
rajddly through the me.skes. 

Ju case needles of the ordinary kind 
oaiiuot be readily obtained, substitutes 
may be extemjiorised out of two ]>ieees 
of wire bent as ii^ c, the wires being 
soldered, or, in case of i)cces.sity, even 
tied tSghtly togetlk^T. 

Short needles, about 4 im long, are 
rti(|uired In mending nets. That rejire- 
sonted in d is ai» exceedingly^convcuient 
form; being thinner at the point, and. 


carrying tlw string sunk in the broad 
grooves on the sides, it passe.s through 
the meshf's with great facility, a point 
of much iin)i(>rtance in iiiendiug damaged 
nets. Netting needh^s can be purcha<<ed 
of any required si<!e at most cnirdagc 
warehouses, and thev are readilv math* 
from tliiu ]dc(;es of h;^vd wood, such as 
box, oak, ash, &c., by the aid of a com¬ 
mon fret saw and a half-round file, 

]H‘gs or sjuiols, on which the 
netting is worked, are best made of v’orv 
hard wcoti, such ns box for the smaller, 
and oak or beech, &c,, for tliitse of larger 
size. A considci able number are re«|iiii’e<l 
if various nets are being made, a.s tlie 
si/c of tli(j ojteiiiiigs in, or meshes of, 
llic net de]»t'nd.s entirely on the size ot 
file ine^li jieg einjiloyrd. t’yliiidrical or 
round me-sii pegs, wliicli are sometimes 
used, are much less (‘onvenient than such 
as are flat. Tlie edges of flat spools 
sliould be quite straight; otherwise tlie 
meshes of the net will be of unequal 
size ; and they should be vi^ry siikmiUi, 
so that the loojw will slij) oil* rapuTly 
wlien desired. 

Alesli jiegs of the form sliown in c are 
used by the (lnmsi»y iielters for the sea 
fi.sberies. Tiiey are all 4 in. long, and 
usually made in s(>ts of 5, the number 
being sliovvii by tin* shallow Indes at one 
end of each ju'g. No. 1 is 2* iu. wide 
)ty 1 in. thick ; No. 2, IJ in. by j in.; 
No. o, in, by J in.; No. 4 (shown 
in tlie figure), 1 in. by j in.; No. b, 
li i have each ii hole 

bored through the short diameter Ibr 
the purpose of stringing ftiem together. 

When large meshes are req^red, as 
in walling for tramnielft, the mesh jiee 
would be too broad to be held by the 
thuiuli and forefinger, iit^whiedi case it 
should be made as in /, the hollow ]>nrt. 
]fassing between the thumb and Imttom 
joint of the forefinger of the left hand. 
These mosh pegs can bo made of any 
desinMl widtii; but when very wide they 
should be made very short, never 
exceeding a few in. long. * , 

It is a very common error.to call inesk 
jiegs or Kjjools by the name of nieshe-s, 
nnd a, great amount of confusion results 
from using one word to signify two 
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liy the Yarmouth nottors a fliamoiid <tr square shajuxl; each mesh, 
mnsli peg is Komeiinjos tennod a “ hliale,’* except those at the sides of the net. has 
and by some writers it is spoken of as a four sides and four knots, one at each 
mesh pin, or niesh stick. (atrner. The meshes aie funned by net- 


tiU. 



Netting needles. 

Meshes are the openings between' the I ting a succession of loops. 1 he last row 
Cords of the net. They arc either I netted consists of loops, each yf which, 

> . 2 0 












386 


NETTING. 


Avith the halved of tvo loops iu the j 
jirevioiis row, constitutes a eoinpletc 
mesh. Thus in A Fisj. 345, ti b c are the 
last loops ft>rine4, d is one beiu^ made 
(the needle and mesh ]»eit are luit shown 
tor the sake of clearness)^ c a loop in 
the row previously made, which would ' 
form part of the next me.>h to he made, * 
if the netting were eontiimed. j 

The string or eord on wliieli the nef- 
ting is commeiu-ed is U'»ually t*’nneil the 
foundation. It i-. shown in f. i 

Tiie Knot employed in making nets is ! 
that wludi is Kiuami as the “weavers’ , 
knot”<ti' the “head knot”; it is nsi-d 
not only to join togetlier the e,nd** of* the ' 
e<irds of whieh nets .are unde, hut is tin* 
means by which the loops ♦onning tlo* 
meshes arc fastened tog.-tlier, cver\ knot 
ill a net being a weavi'i\s’ or l>end knot. ; 
As the mode of inaking this knot with 
r.ipidity is not very generally under¬ 
stood, and as the knowledge of its l 
arrangement is (jf essential iTn[M)rtaneci 
to the netter, it is necMS-sary to explain 
:l'> foriiialioii at some length. The 
simple.st mode of making a bend knot is 
a.s follows: liend a jdeee (d*twine into a 
]o ip e (I Fig.;»to 1> ■ pass the socamd pioce 
of eoni through the loop from the 
fartluT side; then carry it round beliind 
the two cords of the loop, Ijriiig it 
forwanl and jiass the end under itself, 
bringing it out at a; pull the end h I 
tiglit, and tlie bend knot is completed. I 
When one of the ends of twine is verv , 
sliort (as is usually the case iu net ’ 
mending) it c.in ha made into a ! 

and another piece of twine can be ' 
bccurely tied to it, even if the loop is : 
<»nlv 1 in. long. On looking at the knot, ’ 
it will be seen that it can be secundv ; 
tightened by pulling the end /j, wbiiJi | 
bites the end a securely ; whereas if a 1 
i.s jiulled it slijjs underwithout biting. 

The above explanation shows the 
formation of the knot as it i.s used wdien 
stout cords or rii^)e.s are uniter) by its 
means; but when it is employed to join 
tlireads or .stri'ftg, as in weaving or 
netting, a much more expeditious mode 
of milking the knot is emjdoycd. The 
ends of the two cords to *^>6 united are 
crossed on the end of the foa*efinger'of 


tlio left hand, the cord a h Fig. 345 i\ 
being first jdaceil on the finger, .and the 
other cord c d ]nit across it. The left 
thumb, the ]M)sition of which is shown 
by the dotted )iu«, is then jdaceil ovt r 
the (TO'-serl conls. The cord b is tJu*ii 
to be wound rounrl (over the Ibunib) lu 
a circle and jiasHed^ibotween the twu 
endN, behind a and before c, as shown m 
Fig. 345 Ib The knt>t is eomplefed liy 
turning the end c downwards, pns.singil 
through the ]o(»p at seimriug it iindei 
tile KH thumb ami )iulling A, when ilte 
knot is lormeil as shown in Fig. ;»45 K. 
It i' :iKo icpresented in Fig. 345 lb but 
turnel over to show the other side, the 
letter^ of referi'iicc being the same ir» 
both figures. Facility in making this 
knot must be aerjuired, as its use i'. 
indispeiisiblu to the iictter. 

A knot whiidi w'ill he found of great 
use in shortening or lengthening the 
cords emjdojM'd in stretching out the 
different parts of a net w'hilst it is being 
mended is sliowii iu Fig. 345 F. A Joop 
of cord a is formed into an eye ; thron gli 
this the two ends of the same, oi* of 
a second, cord are passed and twisted, 
as shown at 5; this secures tiic ends, 
and prevents them .slippingback throiigii 
the eye. llie great advantage of thi' 
knot is that, when it is wished to sbortcii 
tlie cord, the eye is ]>iisbed farther back, 
;ind tlie twi.Nt or half-bend pulled tiu:lit 
down ti’ it. On the other hand, wbeu 
it i'. rc'juisite to lengthen the cord, the 
revcr.se jirocceding is bad recourse to. 

It is not generally known that there 
are two jieifectly distinct modes of 
netting; one of tlie.se, which^s adajdeil 
for making small idcsheS| is the otdv 
one usually rc(*ogni''ed; the other i' 
employed for strong 'work and co.irse 
meshes. The former is called the under 
edge, or little finger knot, or, iu general 
jiarlauco, simply “ uettiug/’ 4 

To commence a net, tic together the 
two ends of the cord forming the foun¬ 
dation (/ Fig. 346 ^nd secure it 
firmly in any convenient niajiiner, as by 
passing it under the foot, Jetting the 
part to which the netting is to be 
attached reach 3-4 in. above the knee 
when the netter is seated. In making 
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l.irc^e net-s which are riipidly exp- 
futed if the ncttei' works stainliu^, tlic 
i'ouiuhition should he fastened to a hook, 
or rod in a wall, })];vced as high as tlie 
face of tiie nettcr; it then not only 
hears the weight of tlie !i(*t, hut also 
siijiports the left hand, uhich holtls the 
luesli j>eg. Tie the loose end of the 
string with which the net is to he 
made, which has been j»revi«)Usly woun«i 
on the tn'edle, to the fotindation, ns shou n 
nt d. Tin* mesh ]M*g s is held between 
the thumb and loreliuger of the left 
hand, and tin* knot d is pulled up close 
to its eilge. The needle carrying the 
stiing is brought ha<‘k over the inesli 
peg, then forwards underneath it, the 
string being caught hv the third linger 
r, which should he kept well away from 
tile mesh peg as shfiwn in the liguro; 
it is tlieii carried fiU'waid-i under the 
mesh peg and then to the left, being 
caught by the thuinli as shown at t. 
The lofise string is then thrown forward 
on the foiiniiation, ainl the nt'edlo, liaviiig 
been brought backwards, again passed 
forwards through tne loop <d‘ <s)rl that 
is liitched on the third finger, tlieii 
under the mesh peg, and lastly through 
the foundation; this is tin; )M)sitioM re¬ 
presented in Kig. The right hand 

is how shifted from tlie hack ]iart of tin* 
needle to tlie fnmt enii, and it is ptilh*l 
fiirwards from uinler the rnesh peg and 
through the foundation, ]>y tins a(‘tiou 
the loose cord is drawn tight round the 
little finger, and the knot is coniplett'd, 
hut requires tightening. This is done 
by first loosening the cord under the 
thumb, then allowing it to slip off the 
tliird finger; all the slack cord is then 
pulled up hv the right hand, and wlif>n 
the knot which is thus formed is ]Milied 
close to the mesh peg (against which it 
is held by the forefinger), the hnip is 
allowed to slip olT the little finger at fy 
and the string is ]Mil]eil tight, thus 
completing the krtht and netting a single 
loop on to the foundation. In describing 
these moyeinenls it is necessary to 
mention them as if they were yierfectly 
distinct frojn one another, but in the 
actual practice of an expei^; netter there 
u no pause between them, and they 


fidlow each other so rapidly as to serin 
one continued movement. 

In Fig. (i, the thumb and foie* 
finger are shown away from the knot in 
order that it may be seen, but (piirk 
workers liold the end of the thumh and 
tip of the forefinger together, ami the 
second finger holds f'Uie knot as it i^ 
tightencii. 

The loop first netted is allowed to 
remain on the nle^h peg, and a mm-oivI, 
which is a repetition of the first, is tlieu 
made, and as many mm*G as mav he 
required to complete the first row. 
Wiien tliese loops are too numerous t»> 
be conveniently held, they are pushed 
off the left end of the mesh jiog. Tin* 
loops in the first row netted do not forni 
<'om))lete ineshe-!, but when the mes/i 
peg Is w'itlulrawn appear as in Fig. 
il, w'hich .showsa foundation with three 
loops netted on it and a fourth not 
tiglitened up. If the tbuudation i-. 
pulled out before a second row of lottjis 
is netted, the knots become loose, iwnd 
the string lengthens into a straight 
coni. 

When the required number (»f loops 
has been made, the mesh peg is pnlle.I 
out and the foundation ami the row’ oi 
b)op.s are turned over, so as to bring tfie 
under side on top and the right hand 
end to the left. Tlie netting is tln-ii 
recoinmenred ill tlie s:ime manner, with 
this ditl'ercnce, that, ins*^ead of passing 
the needle through the foiiudation, it is 
passeti through the loops of the row first 
made: these being takei^ up in succession 
one aAer another. The mode in which 
a locp is taken up is shown in l{<g. d. 
where two looj>s <d‘ aViw are shown on 
the mesh peg and a thini in tlie process 
of formation (to avoid confiiflton, the 
other jiarts of the net are pot shown). 

Netting on to a rotv of loops is doiu* 
with much greater facility than netting 
on a foundation cord, and should be 
practised by the learner in the fii'st 
instance, if he can obtain tt teacher to 
net a few rows for him to ’begin iijicn; 
the first loop on a foundation is more 
troublesome than those following, as 
foundation cord is not kept close up io 
the mesh peg. 
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In looking nt the loops made in net¬ 
ting, it will he found that they are 
united bv weavers* or bend knots, as 
shown in Fig. ;U() K, the bend being 
formed by the h»o|j tliat is taken n]», and 
the ford b being tliat attached to tlie 
needle. It follows that if//is pulled tight, 
it bites secnrely iij)on /7, and renders 
the knot firm and dillicult to unpick. 

In 1815 Everv de.scribed a dillereiit 

«/ 

method of holding the mesh jiog, wln<*h 
he terms the spool, by whicli ho L-laiinod 
to gain a considerable increase in speed. 
He savs there is notliing wliich tends so 
much to swiftness in netting as a jirojicr 
and louse or ca^v wav of holding the 
mesh peg; this will he b''*st iiuilerstood 
by an examination of Fig. ,147 L, whieh 
gives the true position of the fingers at 
the commenciMnent of the stitch ; it is a 
method not genor.illy known, hut hy far 
llie lie-st, giving siicls perfect iVeedi)tn to 
the hand, and so open a sj>aee tor the 
needle to ]iass througli. 

It is convenient to hoM the mo^h peg 
at an angle of forty-live ^legree*'; indeeil, 
that is the natural position when tlie 
fillge^^ are jtroperJy placed. It will he 
evident, upon an inspection of the figure, 
that the thumb and first linger h<dd the 
mesh peg, leaving the three remaining 
linger.-* perfectl}’' at liberty to stretcli 
out and hold up the ne.\t mesh or loop 
to be taken, besides drawing back to 
free themselves from the string, at the 
jiropcr moment during the ojteration of 
forming the knot. 

Sjieed has been increased 400 
knots per hour by adoj/ting this nietliod 
of hohling the mesh peg. In netting 
w ith line string ujion a peg about 1 in. 
wide, which is the mo?>t ihvoiirahle size 
fitr sjiced, one can average about KSOO 
knots per hour: the greatest numher 
that can be eilected in tlie above time 
being 1750, all circunistances of course 
favourable. 

Jn the common metliod of liolding the 
mesh peg, it is inconvenient to pass the 
necilJe between the mesh peg and fore¬ 
finger, where there cannot be any oiieii 
space to admit of the needle being thrown 
through, ns it* should be;cjii addition 
to this, there is another disadvantage, 


namely, the crumped state of the other 
lingers, which cannot free tlieinselvi's 
]U*o])eily frmn tlin string nt tlie tinu^ 
when it is being drawn u|> for the knot. 

As to the method of making the knot: 
The mesh i)eg being in its place, with 
the forefinger turned behind it, und**i 
tlie netting, and the i^^eille in the riglit 
h.aiid, with the string stretched out, Hie 
first ]>art of the operation is to ]ias8 the 
needle rouiul tlie end cd' the mesli ]icg 
to th(! right, laying the string over tin* 
sc(’oud ami third lingers, then taking it. 
forward and eatcliing it under the end 
of tlie tliuml), where it is held whilst 
the neeille passes luiek again, throwing 
the string forward on the net already 
made, at v'hbh insttrit the Irft haml 
shoul’l hr turnni nith the huyicklcs dov'u- 
ayel the two fnjers haririij strhhf 
vpan them should be stretrhrd Iforuard 
under the mesh a^fout to iahen ; in this 
p(tsition there is an open passage for the 
needle, w'hich lias jmssed round, and is 
ihnnrn tlirougb, being caught on Jin- 
other side; as ib passes through, Ho* 
siring geds on the little linger, and tin* 
other two may be w'ithdrawn at onee; 
therefore, on the needle being snatched 
hack, one pull ties tlie knot, without 
any sawing or trouble, whicli always 
occurs to some extent in the common 
nietliod. The movement here describeil 
cannot b*» proj>eriy elli’cted unless tlie 
netting is laid over a tul»le, or something 
by w'hieit it i.s lield up on a level witli 
the hard, a jinsition much more favour- 
.ahle for speed than when the net hangs 
down. 

Tteid says that Every’s me^iod is a 
well-known mode of^ndding the i*eg, 
and one wHiich comes quite natui'ally to 
learners, but in the lii^st lessons to his 
workers it is especially avoided, as it is 
considered the very Avorsi form of hobl- 
iiig the mesh peg. The iinjKirtance oi . 
this to a worker is very great, as, shouM 
the habit be contracted, the value of the 
W'ork would be diminisho^ 50 per cent., 
both in s]>eed and quality of* work, and 
any worker would be discharged if found 
using her tools in this manner. 

In-a correspondence which took pla^‘^ 
in The Field some years .since, F, Allio-* 
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tftated that, with an inch spool ami through / Fig. VV, then through r, c/, o, 
patent tliread, a quick iVetter ought to and so on, until you have travelled along 
iiuji’c than double the rate of speed the whole width. Then turn the work 
ehiiined l)y Every, and net at the rate over and travel back again in the same 
i»f .'JdoO loops ])er iunir, (T.) tnaniier. Presuming the string breaks, 

(2) The instruments for netting con- or you wish to join another ball, the 
,si>t of a needle «, and a mesh b (Fig. way to do it is with a “ beeket-hiteh,” 
otO W), From 8 in. to 10 in. is a good rommonly called a “weaver’s knot.” 
length for the needle, while the ine.sh Form a bight, pass one^iart up through 
htick must vary aeeording to size of not, it, then over, under and hack throiigii 
A mesh stick will make a tnesh twice its own loop, as in X. 
its own size. Thus, a stick ^ in. s*iuare (,'?) Lawn reniiis iVets.—Tlicre .iro 
will make a 1 in, mesh. To till the many p«irsons who are thoroughly fi- 
noodle, pass the stiing around the tine, miliar with tlio ordinary method of 
or inside jioint, round tin; heel of the netting—that is lo say,as faras makin» 
needle, then tip round the tine again, the ioojis and ineshe.s is concerned—who 
until the needle is full. Fasten the end ib» not know the construction of square^ 
of the string to a hook and tie a loop in meshtvl nets, such as are required for lawn 
It N. Lay the mesli stick underneath the tenjns and other similar games. The 
string, and jiass the needle uptbj’ough follow mg instructions will enabieanyonc 
the. loop O (;i4#>). Pull it tiglit, so c.ipahlettf making the ordinary diamond^ 
that the end of the loop rests against the shaped netting to construct also square- 
medi stick P(.‘>17). Now comes the iin- meshed nets for tenuis or otlier purposes, 
jmrtanfc part—tlie formation of the knot, Ju making nets in wliich the mealies 
Hold the mesh stick in your left haul are of large si/e, the sjiools or mesh pe^s 
with the thumb on the string, and with | are usually flat. When very large th(^ 
the needle in the light liaud; now' willi ! bef*onie aw'kw'ani to hold, in which ease 
a quiok jerk tlirow the bight or loop of it will he found much more convenient 
the string over the. stick an<l left wrist, to havi» them cut the shape sliown in 
as shown in It. Push the jxunt of the Fig, :U4/ than to allow' them to remain 
needle up between the first loop made of equal si/e fi'Un end to end. In u-iing 
and the string to the left of it, pull the these spools, tlie base of the thumb goes 
needle through, an<l bring the knot into j into the deep notch shown at the left 
sha]>c Sj tiien tighten by jiiilling the j extremity of ligure. 
needle in the direction of the dottefl Uv the term loop, we mean the loop 
line.s, and the knot is tied, 'fliis simple formed around the sp{Kd,as each knot is 
knot is the foundation of all net-making, made in succession, the last row netted 
and once succeed in that and ymi will 1 ahvavs consisting of a series of loops, 
very soon be able to manufacture almost ‘ each of w'hich, with tlie tvfo loops of the 
anything. .Slip out the mesh stick and preceding row into which it U knotted, 
take the same slick through the luDp eonstilutiug a completetnesh. ** 
you have just made, and so ^‘ontinuc rm, Jn making square-meshed netting it 
passing the needle every time through | is ne* es,sary to be able toiiiake the knots 
tlie last loop made, until you have iniide in a dilVerent manner from that usually 
enougii. ]>y the lime you have made adopted, to net in fact with the fisher- 
as many as you think requisite, your men's knot. This is done As follows: 
work ought to look something like T, Let the spool and netting be held in the 
Unfasten the end I’nnn tho nail and usual manner. Then, to make a new 
untie tlie first loop ftiade. I'ass a piece loop, bring the needle backward over 
of coj'd through thu upper row of ^ the a|)f)ol; then carry it fm'Vard iiinler 
meshes, tie tlie cuds^of f he <'ord together, the spool, hut without catching tie striit;f 
and hang it over the hook. (>o on with on any fiwicr* Pass the needle upwards 
t)ie work as^beffjre, only do not slip the tlirough the loop that i.s to be taken upi 
loop off the sticl? as at fifst. Kn*d and puli it close up to the spool, soiling 
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the twine ],aFsinj: tliioiigli the ItJOjt ^ith 
the forefinger and tlinmb of the left 
hand. The loose twine should by allow ed 
to fall over to the left, and down in front 
<»ver the netting; and the needle should 
then be j assed ii])wnrd between the loop 
that is being taken up and the last one 
socnred. On ti^jlitening the loose twine, 
tile knot is eoiiipleted. 

This noKlc of netting is shown in Fig, 
fil7 Z, where the twine may he trare*! 
fioin the last-foMiu'd Knot round the 
spool, tlirongh the looji, ttieiito tlie left, 
wliere it IS secured by the thumb; the 
loose twine is shown l>ing i^\(?v tlie 
iietting, and tlie point of tlie noedle is 
just inseited behind the loojt that is 
being taken up. To finish tlie knot, tlie 
neeiile must be pulled through, aiul the 
string dj-aw'n tight. 

A very slight examination will sliow 
that file knot made by this method is 
the same as that resulting from the 
eommon mode of jtroeceding, 

^In reality the stitch is iniieli more 
simple tlian the one ordinarily used, and 
can he made with very much greater 
rapidity. It nei'essarily follow's that 
anyone used to the old mode will bud 
this new plan awkward at first, and will 

tail to net as neat I v as befoie ; but the 

•* * 

Htrangenoss j*?, mioh overe(»me. and gieat 
rapidity attained. AVitli stout coiii the 
advantage is very great; there 1*5 no 
sawing of the tw’inc lequiied to tighten 
the knot, consequently no flaying • ither 
of tlie tw'ine or the fingers. 

Another immense advantage ]M)SseHsed 
hy this knot*is that it can he made, 
using oje, two, or three fingers instead 
of the spool, nt^l with a short end of 
the string witnout. n needle, no that 
in niendiiig neft it is reallv invaluable. 

1 w'o points, however, W'e have oniitteil i 
toTiiontion: the method is not adajited 
to Very small netting, and it is always 
nn'essary that tlie spool should be larger 
than the neeillo, otherwise the latter 
sticks in ]>assing between the loops. 
Again, tlfl'J‘c*are certain 5tit<‘hes that 
cannot be made in this manner, such as 
the first row or foundnlion of a dianiond- 
ineshed net. 

pinmond-rneshed nets are cpjnmenced, 


as is well kiumn, by netting a number 
of Ifjo]>s into a foundntion, and when as 
many as are rcquiied aic made, netting 
a second row into the firi^t. 

Sqnaro-ineshed net*:, as shown at 
H::. J>‘I8 A, are in.'ide by coininencing at 
<iie angle or lonier, and netting diago- 
milly arross the square ti> the opposite 
ctrner. In beginning a squarc-meshed 
net, one loop a Fig. ,'14815, is first netted 
onto the cord which i.<fused asafounda- 
tM'U; thi^ biop may be of larger si/e, as 
it js <tnly lenijKirary, being removed 
I w h< n the net i-s cc'inpleted. The pjtO(tl 
1 is tlien withdrawn, and two loops are 
' uelTe<i Tiitn the one first made; the last 
I of tliesetwo should a]ways be made w ith 
! what is known as the iisheimen’s knot, 
;.s, if made in the ordinary manner, a 
lopsided knot is the result. TJie spool 
is again withdrawn from tliese two, and 
a new row' is couitneneed ; this will con¬ 
sist <tf three loops, two being foimed by 
taking up tiie last l^iop of the previous 
row twice* I'lie netting is to be c<in- 
tinued in the same manner, the last loop 
of every row' heing taken u]) twice. I’y 
this means a half-square of netting will 
j 1 e formed, of whieh the last row is tlie 
diagonal, and the two sides a c and a 
I'ig. r»48 A, foiin the selvedges ou each 
suie of the bafi’-square. AVlun the sides 
of the .square are of the required length,a 
single row should he netted without the 
cAtia loop at the emi; and then, to form 
the leiuainiug half of the square, the 
rows shoubl be eontinued, but with this 
dilleieiue, that, instead of netting two 
b.4q)s into one, as before, the last (wo 
It o;i.v vnrj/ tvw s/a uMhc ia/ien up with 
fJtr nraUc ivgiilirr: tin's the width of 
the netting 9v ill be gradually diminished 
to one mesh* ami when the net is 
stretidied out it will be found a coin) lete 
square formed of square meshes, as 
show'n at Fig. 0*18 A, 

Jn order to make tlie angle luater, 
the .spotd should withdrawn belmc 
the last knot is tightened, so that the 
last loop is made to •omeinto thrfliigle ; 
and the first knot should be untied, and 
the large front loop a Fi^. 348 Ji also 
drawn up light, so ns repder tjie net 
.correct in shapCr 
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Tilt* netting of an o1)]ong not, siuh as 
shown in Fig. IF18 is a ruthei* inovi* 
(‘Minplicated matter. 'I'his is commenced 
with a half-s(iiiare as hefore, the length 
of the shies determining the width (tf tlie 
net. This (lone, at the en'l oi* the ne.\t, 
jow llie last two l(Jops are to he taken 
up at once; hii^on returning to the end 
of the succeeding row, two loo]>s are to 
he nett d into oiu^ as h'cfore, and thi- 
iSltern ition is to he continued. At tlie 
end of o/lr' /‘oe* / (o Ituffts arc io />' ti 
vji itt omr, and at the cinl ot‘ ihc 7u\rt 
ro'V iu'i/ (tiY to be iirtt f( into one. 

*riii‘ side at winch the latter i'. do]u‘— 


hy taking np^wu loops in one, and then 
the long title a c (/ shinihl he rontinut*d 
for 192 nnvs before diminishing to the 
former c Fig. 318 C hy taking up Iw'o hi 
one at both ends of every row'. 

It is hardly ncf-s^arv tt> add that, a 
net ot 10 (»v 12 vd. lotigUi for dmihle 
games I an he mailehv .sinijdv <‘(»ntiniung 
the side (( r d until the reijuired length 
ohtfiiiu'tl. 

(1) blending Nets.—The ahilitv t(* 

I mt-nd nets i^ an ait of lather rare (‘ceur- 
, lence; except aiiuiiigit tishennen and 
I their w'ives, there are ]>erliaps por- 
! s(»ns who can make' nets ft>r every one 


,f i- (I —will be tlic long side ol’tlic (»h- 
h»ng, and when this is of the re(|uiv*d 
length, tw'o h>ops are takem uj) at nn h 
car/ of VtU'k rcie • and the net diminisheil 
lt» the ]>uiut e. 

In making an eddong gieat caie mu-.t 

he t.ikeii always to diminish or iiicre.i'.e 

* 

:i1 the ]iro]>ei* side.^ of the iu*t, ollu'l'Wis** 
.1 contused mass of ^lseles^ netting will 
^e the result. This erior ise.isily aiiuded 
if a few threads of ctdoiired string or :i 
iih.inl is Tied at the angle />, to ^how 


wlio tan repair them when •hnnaged. 
d'ho iirst step towards actpiiring tliu 
power conslst.s in learning to make a 
(tend knot. This lias been already de- 
scrihe-l (j>. 3Sd) and illustrated (Fig. 

, :hb'>k A knot, w'hich will l)e ibund of 
! tlie greatest u^e, not oulv in fastening 
I tile cord io wliicli the foundation (d‘ a 
, net is allaihed, but aksft in stretching 
out tlu» diilcivTit p.irts oi' a net wliil^t 
' it is being mended, lias been described 
' (.11 l-'ii;. ]■'. 


which .side should he diminished ]*v 
taking up two loopv in one. 

This ]irocooding may perliajis he ren¬ 
dered clearer hy a ctnisideralu*!! oi' 
Fig. 348 I), iu which n is the fir^t loop_ 
Five 3’ows are then netted, each being 
increased hy netting two l(>ops into the 
last of each row, making the half-stjuare 
•f b and c. Tiien on returning to//, two 
loops are taken nj» together, ami at the 
side (T c d twM» loops are netted into one, 
and when the retpiired length <1 to d is 
reachyi, two loo]is are taken up t(/gether 
■it the end o(*e*erv imw' and tlie net 
diminishes to a ]Mdnt completing the 
(d)hmg. * 

A lawn tennis net of the regu¬ 

lation si/e is 5 ft, high hy 8 yd, long, 
and the mesh is in. s([uare. The 
strongest and most durable cord ti» em¬ 
ploy «is that called mattress twine, the 
usual jtricq being about (k/. a ball ; 10 
liallsgenerally required for an 
«^*thuary-Bi;ied net. 

To make a not of this size a lialf- 
Rqnaro of 40 rows would Imvo to be 
made before oncsidcshould be diminished* 


It is inipossilflo to mend nets hy 
using the ortlin.irv ludling stittli whicli 
i> enij/loyed bv most p(*rsons. What n 
termed the fi>hermeu\s mode of making 
the kind is nbsolulidy necessary. Tins 

w:i^ (hMscrihed fully mi ]>. 392, In 
nuuding a torn or damaged net, the 
first (iperatimi is to spread the net out 
as liatly as po'-Mhle. tf'db the loops m 
t^iC some vith vCijned to the 

memhe as theij ivoy fn fur netter w^ien 
the net uas made. In the ca-ie of a 
lawn-tennis net the corner or angle at 
wliieii the net was commeiu’('d 11111*^1 
he farthest from the ojieratwr. The 
damaged or torn jmrt mu/-t tlieu he cut 
awav in regular rows, as sliowii in Fig. 
349 K, w'lierc tlic whole of that pait 
represented hy dotted lines is supposed 
to have been removed. The short ends 
of string that a^c knotted into the 
loops 2, 3, 4, o, and (> must he nn- 
jticked, when those? loops will \emain 
uninjured; and the knots at 14, 13, 
10 , 17, and 18 must nlso*bc nrqficked, 
st^ as to leratc the Bo>c ends of those 
loojts that have been cut away; tut 
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the knots at the sides ^ of the part 
removed, viz,, at 1, li5, 7, and 19, must 
he left, otherwise those loojw would be 
opened, which is not requisite. 

'I’he mender should then take a short 
needle (one of those alike at both ends 
is most convenient for mending); till 


to form the new loop being ascertained 
by measuring from 1 to u. 

VV^hen there are a large number of 
meshes to be filled in, a Bj>oi>l m iy be 
used, but when there are only a few it 
is neither necessary nor desirable to 
employ one. 


31tt. 
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it, but not over-full, with tw'ine of the ( 
same si;ce as that used for tiie ori'iiial . 
netting; or twine slightly finer may ; 
he employed, a«, being new, it will he . 
stronger than the obi. The emi of tJie , 
twine should then be fastened by a ; 
bend knot to the looj> 1, tlie needle 
]>assed u|)wards through loop 2, then 
the twine should he taken between the 
thumb and fore finger of the right 
hand, and a length measured equal to ) 
the distance from the knot at I to just 
beyond the knot at «, this gives the | 
exact length of twine lequired to form | 
the new loop from 1 to 2; this new ! 
loop IS caught on the little finger of I 
the left hand, and pulled hack ; the ' 
point of the old bioji 2 and tlie c(»rd 
]iassing through it are held by the ! 
thumb and fore finger of the left hand, ! 
the loose twine is thn>wn over to the I 
left, the needle is brought to the right, ' 
and the knot is completed by passing 
the nebdie under tfce loop 2 from right 
to left. In sljort, the lo(q> 2 is taken 
up by the fishermen's knot, only made 
on the little fifcger, instead^of on a 
spool, the length of the twi^'c required 


The now loops from 2 to 3, 3 to 4, 4 
t(» fi, and 5 to fi are made in the same 
way, and then the side fi to 7 must be 
made by netting into 7 as into a lo p. 
Tins completes the first row of new 
loiq)«. 

The second row lias now to be neftei 
into tiie first. If ]>erformed as le- 
coiuinended, without a spool, it may le 
worked backwards from right to left 
with great facility; or the netting may 
lie turned over on to the oilier side, 
when the second row can tie completed 
in the usual direction, from ]|:ft to 
right. • 

In this manner the space cut away 
must be filled up, until the last row is 
reached ; this requires different treat¬ 
ment. In Fig. 349, 3 rows of loops only 
are shown as having been removed. 
When the second has been entirely 
replaced, the twine will be attached to 
the knot at 13; to complete, the repair 
pass the needle through fhe'Seop 14, 
and secure it hy a beiui knot, 14 i>eii - 
the loop of the bend knot, and faking 
care that the side 13 to 14 is of the 
proper length; then knit into loop Vi 
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I'nuii 14, return to ir>, and so on, 
ooiincciiiif^ the Avhole iu the following 
order—11 to 16, 10 to 17, J* to IH, and 
lastly H to 10, which comjdetns the 
vejiair. Of course the reparatiim of 
larg^erre nl \ie da 

is only an extension of the same proc*‘e<i- 
in^ as is hcre^eseribed with reference 
t(» tliree rows of ]o(»ps. The des^^ription i 
ol tills priK-ess doubt less appears tedious, ! 
1 ) 1)1 the ^lerforniriiK'e ts, with a little 
practice, sutlkieully easy. (T.) 

"Walkincj Sticks. 

(1) At the present time there is, com- 
j»arati\e1y speaking, no limit to the 
material that can be turned to arruunt 
tor the purpose of walking and umhreihi 
sliik making; imieed there is always a 
keen look out being kept U]i ibr new 
siiin<e> of nn'iteriiil, and a constant 
introduction ot novelties, both in the 
stiiks themselves and in the adaptation 

them to meet tlie demand of fasliimi. 
So great, varied, and numerous are tiiese 
demands, that i»f late years, espeeiallv 
in ('ontinental countries, manv ])ersons 
have taken up with the cultivation of 
sticks of certain kinds, ex<-lusively to 
supply the walking-stick market. In 
Dll', country, land is generally of too 
high a value for it to be jtlaced under 
such a system of culture, timugh *juite 
recently large (|uaiititie8 of ash saplings, 
in Wfhich the roots have all been ■lire<*ted 
in one way tt» form w'hat i> known as 
cross-heads, have been grown in the 
county of Surrey. 

Soi^e ‘JO years ago the first collection 
ever got togetSler illustrating the ma¬ 
terials used for walking sticks was pre¬ 
sented to tht museum of the Koyai 
Onrdens, Kew; and quite recently this 
Collection has been entirely revised and 
augmented by the sjime firm which 
originally presented it, namely, Henry 
Howall & Co,, of Old Street, St. Luke's. 

Forest produce from all parts of the 
wo^^^herb deposited. From the East 
,^J"We8t Indies, Singapore, Java,Chinn, 
and other eastern countries, are derived 
« great variety of sticks, principally, 
however, belonging to the bamboo and 


palm tribes. # The sticks, as required for 
the W'orks.luip8, are drafted i'roni Die 
stores. Some arc so <‘n)oked that they 
require a great deal of straigliteiiing 
belore anything else is done with them, 
and till ighteiiing ))rocess is one ot 
the most interesting and remaikable. 
On the top of a very hot stove is a heap 
of sand, iiiAvhich the sticks are plunged, 
and kept tliere till they have become 
(piite jiiiablf. The workman tlien takes 
the crooked Mick while it is still h(»t 
ami inserts it into a notch cut in a stout 
board, placed at an angle inclined from 
him, and b<uiils and .str.uns it, ^ici-asion- 
ally casting bis eye along it to see that 
it IS straight, and when perfectly so it 
is thrown down to cirol, and wdien cold 
it IS ({uite rigid, witliout the slightest 
fear of it e^er going back to its natural 
(lookedness. lu this wav some of the 
most irregular and ajiparenth worthless 
sinks are made to assume an njqiear- 
ance almost impossible, wlien w e consiiler 
that the woiktnan has mdliing hut 
practice and a well trained eye tr* guide 
him. Heat is a verv im)»ortant clement 
in the manipulations of a Mick-inaker, 
ami ju'odines \ery dillerent elfects on 
the several kinds of w(tods, the degree of 
heat neces.sarv to straighten one kind ot 
stick being often sullicient to < omjiletelv 
s]joil another kind. Tlie same power 
whicli makes a crooked stick .straight is 
a]>plie<l to make a straight one crooked, 
and .so we find that the rigid stems of 
himboos, partridge caiies, and all the 
various kinds of Knglish sticks whiidi 
are required to be curled or twisted, are 
by the a]»]»lication of heat made to 
I assume almost any shape or form, 
t Thus, ladit!!>' sunshade handles at the 
piT.sent time, especially those of bamboo 
or partridge cane, are tw isted ami even 
I tied into double knots. 

I By far the largest nnmber of stiiks 
I used are th*»se known as natural sticks, 
that is, saplings «f trees or climbing 
plants, where the roots have sutheient 
character to form'*' handles or knots. 
These are always more in dcniaud, 
w'hetber for walking, umVrella, or sun¬ 
shade stfiks, than tlfcsc that arc cut 
from the solid, like Icttcr-W'ood, ebony, 
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}jox\V(»o(i, bftef-wonil, Scr. 

AJesdi's, I{o\vt‘ll, witli ih(i vi<*\v of 
iug to light iiiiJcvoiopetl resnunT.'^, h;ive 
hrtil some note-^ drawn up and oirnilatod 
amongst their ('orresjHmdeiif^i, on tin* 
jioints to Ik; oh.servcd in rollertiug raw 
stieks, canes, &e., for walking 
umln-ella hamlles, tt(;. Tlie total lengtli 
should not he less than 4li in., end to 
end, and if luis^ible they should in; l^in. 
The best sizes are of the iliamtder <»f 
-J-l in., measured ahiuit inidwav; they 
should not he larger than l}ui. It is 
indispensable tliat the diameter should 
gradually limiinisli from tlie root, or 
handle, to the p(niit, so that tlie stitk is 
not “to]i-heavy.” It i.s always better, 
when possible, to send stiik-^ mill some 
kind of handle; if the jilaut be jnilled 
nji, tlie root siiouhi lie lel^ quite rongli 
and untrimnied; if a liram li he cut «Jf, 
a part of the parent hraiieh should he 
left onto form a knoii or crutcli handle. 
Sticks witlmut handles can he used, 
especially if they are nicely grown and 
have any jieculiarity of structure or 
colour; iiut if there is any iiaiidle, how¬ 
ever small, it should not he cut tdl, 
Young saplings of the. ililfercnt kinds of 
jtalnis, bamboos, &c., shonhl always 
have the root left on. Occasionallv 

tf 

the form of the root or handle jiart is 
attractive, while the stick itself is weak 
and defective; in such eases the haiulles 
only should he sent, and thev should 
measure Ih-lS in. long. in sending 
fijiecimeiLS of new stick.s, it is h -tter to 
smul only small quantities, say one or 
two dozen, at most, of each kind, tlien 
if a])proVetl, further quantities can hi; 
asked for. Specimens of anything re¬ 
markable for form or colour, whether in 
the rooks or stems of woody, herbaceous, 
or reedy structures, siioulil be .sent, as 
sometimes the most unlikely things arc 
found to possess value for use eitlier as 
umbrella handles or walking sticks. 

It will be seen fr^m these notes that, 
as before stated, the chief demand is 
for natural stieks, “inany of which lend 
thein±>clves readily to the varied designs 
80 uecessary*Tor ladie.s’ sunshades. Kot 
many years sitVe the Avli^^.e of the 
machinery in use was worked by hand, 


but in consequence of it being neces^ary 
to turn out ^^•v\ large ovder.^ with great 
rapidity, sfiam power was introduced, 
wliicli .sets in inutioii band and circular 
saws, jdanc^, ami ras]>s with the result 
tliat a .stick of the toughest desiTijdiou 
can he converted into a inurkctalde 
article in a very short^time. So dex¬ 
terous do the Workmen become in tiie 
use oftlic.se tools that thev .seldom make 
even the sliglilest error m tlieir uork, 
and the rapidity witli which tlie workers 
in gnld arul silver luimiitiiig ]K‘rform 
their delicate mainpulalion' is remark- 
ahic. Ih'sides tiie precious metals, a 
great \ ariety of valiittlilc stone mounting 
is ellccli'd in tlu.s ilepartiiiciit, amongst 
the stones u.^ed being Me.xican onyx, 
agate, jasjiev, variou'» marble^, ami occa¬ 
sionally even the more jirecious stones, 
including diamonds. ivory, horn.s ot 
nil kinds, rliaux'cros, buffalo, slag, sea- 
li(H‘se, walru.s tusks, &c., are also largidy 
used. 

in enumerating the materials used yi 
the mannfai'ture id' walking stick.s it 
has heen tliouglit best to clas-sily tliem 
in aiphahetical order according to their 
commercial names. Though the follow¬ 
ing is a fairly complete list, and repre¬ 
sents nio-'t of Those exhibited in thoKew 
]\Iuscum, it is by no means an e.\hausti\e 
list, ailditions being frequently made. 

Acacia.—The name of this stick desig¬ 
nates its peculiar colouring rather tlian 
its botanical origin, ami any stick that 
is Minicieiitly strong, and 4em!s itself 
]*eailily to artificial colouring, i.s used, 
suvii as crab, dogwood, &c„; the sjK'ci- 
iiicns at Kew are tlie produce of a hard- 
wooded .'.liruh or small free, foiiiid in tlie 
forc.st.s of Mid and Southern Kurojie, 
])rohnhly belonging to the dogwood 
order. The sliek-, in their prepared 
form, liave found inucli fiivour for ladies* 
umbrella and sunshade handles. They 
are ma<le in various shapes, but t)ie 
colour i.s generally bluish or gseyish, 
with u metallic lustre, and occasional 
dark streaks. " S , 

Apse or Asp.—This is the wood of 
ORpen (Pojmlus tremula)*^ it is very 
light both in colour ami widght, and has 
little else, perhaps, to recommend it for 
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■walking sticks. Tlie t.u))}tly is obtaineil ' 
from our owu country. 

Ash {Fraximts vjvciai^r), —Tluii tree 
furnishes a variety of sticks, known in 
triule under diilerent names, as, for in¬ 
stance, the root ash, wliicli consists td'' 
the 8a]ilings with the roots uttaclicd, ’ 
whicli lorin Ihc^handle; then tlicre 
tJic cross-liead, in wliioh tlio roiits, in- I 
stead of forming a someuliat ghihular 
knol), take a twist at right angles fruiu 
the stem. Tiioe, has heen heforo 
statotl, have been grown, and diietfod 
during llieir growtli, on a large scale in i 
{surrey during Die l.i-t two (^r three 
Years. Tlie figured a^'li is aimtlier fornt, ' 
in wliich the hark has hei-n s<*arifie<l inltj 
varioiH de.signs during growth, and 
healing has left a |icrmui)ent marking. 
These latter are, jierhajts, moie curious , 
tlian beautiful, but still they lia\e Dieir 
admirers. The asli ran lie treated in i 
Various-ways with the bark either left 
on or TeinoYcd, Some of tlmse \\ ith the 
kirk remaining, when ])ro)jerly cleaned, 
dressed, and iH>Iished, make v\u*y j^retty 
at irks, and are not unlike those of the 
orange. 

Ikiinhoo,—The liaiuhooa furnish a 
great variety, and a very largo Imik of 
tlie material used by tlus walking-stirk 
maker. They come, <tf course, rliielly 
from tlie Kast, but their botaniral 
sources are dinicult to detcrinii 
Amongst those which may he called tne 
)>amboos, namely, those furnished by the 
genus IlamtniS(tf may be mentioned 11 
Whampoa bayiboo, probably the jiroduce 
of jMimbusa mciahe* They are noti‘d for 
their jjregular jointing; they are of a 
clean, lemon-yellow colour, and not 
long since were maoh used for sunsliade 
handles. Tliey arc imported from 
Ddiinn, The yellow bamhoo and Die 
black bamboo arc also well known, their 
colours being indicated by their com¬ 
mercial names. These canes are im- 
i^K^rted from .lapau and China, and are 
Tio doubt the produce of species of 
/landiiitKl, as’Is also probably tlic bectle- 
so named from its intensely black 
colour and its scaly appearance near the 
root, which, however, makes it very 
pretty. This is also the product of a 


Chinese t^peci<#«. The dog-hoad bamboo 
i'> not a true bamboo, i>nt is furnibhed 
by a sj)ecit*s of Acuni/mucio, a closelv- 
allied geuvis. The name dog-head has 
been given to this stick from the natural 
growth ctf tiie rliiztunc roughly rejue- 
sfutiag the licad of a dog, so that it is 
caMly carvcii and converted intt» gotui 
icprescntaDons of dugs’ heads. Tlicbe 
.'ilicks are impiU’ted from China. 

liakow.—'lids is a[){iaioutlv'the pro¬ 
duce of a ])alm, but at present its origin 
remains unknown, 'flie sDcks are iin- 
>rted from Singa[>ore. 

Tiuy Tree or l^.mrier Tliyn.—These 
sticks aie nj»parcntly Die ]*roduce of a 
Rpeuos /V-A7vor, flmugii iu>thiii 
definite known about them. The 
nooil is MTV hard and dose-crained, 
almost \ ite in cohuir, but with a 
cinnanioi brown bark covering tlie 
irregular ool, \vhi<‘h makes good han¬ 
dles for umbivllas. 1'hey are imjmrted 
from Algeria, 

lleef-Wood.—This wood is of a dull 
Midibh colour, cb»sc and even grained. 
It is apparently cut from the trunk ot 
large tree, ]>erhaps that of Avdt^bi 
corhicetu it is imported from Cuba. 
Beetle Cane.—See lkimbo<t. 

Birch.—The saplings i>f Jlduhi itlht. 
The, roots make good handles, and tlie 
supply iso}»t:iined from oiir own country. 

Blackthorn.—Tliis well-known hedge 
]ilaiit, known also as the sloe (^Prtmus 
I in.ikes excellent walking stict 

There is always a demand for them, for 
when ))ro]>prly drc.s'Jcd and polished 
there is no other stick that has so dark 
a coloured bark. Latterly there has 
been a large sale for a sjiecial kind of 
Id.u-kDiorn ^ii'ought from Ireland, and 
known as Irish blackthorns. They are 
j distinct from the ordinary Idackthovu in 
being ilattcacd instead of cylindrical. 

Black Tork.—^Tlic botanical origin of 
this stick has not been detevinined. It. 
lias a dark-colourcik bark, and the ro<)t 
forms an irregular knotted handle^ 'Hie 
wood, which is hari? and close-grained, 
forms a very rigid stick, revealing, when 
the bark is taken off, a darlc brown wood 
with oc<:>«ional liglu* patches. It is 
imported from the West Indies, 
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Boxwou 1, Persian.—Ti>\s is the true 
hox (//uj:«s sem;wrwVc«s), the wool of 
which is so well known as to nee;l no 
description. The irregularity of the 
branches recominen'is it, when peeled of 
its bark, for walking sticks, an i the 
stic.ks cut out of the solid trunk make 
good umbrella sticks, besides which it is 
olten carved into various devices for 
ladies’ sunshades. Another kiiul of wood, 
very similar in appearance to true l) 0 .\, 
but known as West Indian boxwood, is 
use! to some extent for the same pur¬ 
poses. The West Indian boxwood of 
botanists is Vik\r tiuihrosit, hut this \V4)o I 
does not agree, with that, and at present 

cannot be satisfaciorilv hlentifiel. 

•* 

idriar.—This is also the produce of a 
West Indian tree (/eu?Aox*y^«i/* C rnr- 
YAr.^w/w), the bark of which is tubnvti- 
lated, or warteJ, for wliich reas4)n it is 
valued for walking sticks. They are 
imported from the West Indies. 

Oabhage, Jersey. — A well-known 
variety of the comuinn garden cabbage 
(/b'.essoM *dc/‘i V i), the stems of vvirn’’i 
grow in the (liianuel Islands to a height 
of 10 t»r 1- ft. 

(Jaroh or Carouhier (Ct’nitoui’t .SVV- 
—.V branching tree about 30 ft. 
liigh, native of the Mediterranean coast. 
Tile knotted and irregiil.ir hrancdies, 
wJien straightene I, make excellent walk¬ 
ing sticks. They are iiujiorted from 
Algeria. 

i’firolina Koeds.—These are slender, 
bamboo-iike canes, the proiluce, a]»- 
]iarently, of a species of Arutidin iri t. 
They are imported from China. 

Cedar-Wotid.—This is the wool of 
the common pencil celar (/ua/pc/M? 
virgiaian^). It is only %;casionally 
used, and is too well known to nec! 
description, it is imported from North 
America. 

(Jherry (Prmu9 eeraiai^f ).—Of late 
years this has become a very important 
stick, both for wallrng sticks and sun¬ 
shade handles. Two distinct forms of 
the efierry are kno^n in the stick trade, 
namely tne scented and the tiger cherry, 
The former” has a dark' brown bark, 
which has a perftliarly sweeA^scent, and 
iu conseoueiice, is seldom or never 


polished, the etlect of which would, cf 

course, he to kill the perfume- The 

tiger cherry ha-s a bark with patches 

of a baautiful golden lustre, which is 

heightened by the addition of polish. 

These sticks arc importeJ in large 

4 uantitie.s from Austria and Hungary, 

wlierc the growth for pipes and walking 

sticks constitutes a staple industry, 

<3iestnut.—'fhese are branches oi 

saplings of tlie iSpanislL cliestniit (^Oxs- 

Siikoii), When jieeled the wood 

is of a I'ory ligiit colour, but is hard 

an 1 durable. The sticks are obtained 

priucifially from France. 

(’iitfee.—The'.e sticks are the produce 

of the ordinary or Arabian cottee-tree 

(Cofet arithici)^ an I are brought here 

from tlie West Indic'*, They are verv 

« « 

bird anl heavy, uith a light-coloure ( 
hark, anl have hut little to recommend 

the II. 

(vork,—Tin* }>rodnce of the cork oak 
(Vav"«.- 'i'hough these .sticks 

are somewhat clumsy in ap]tearan^e, 
owing to the thick and rugged deposit 
of bark or cork, tiiev are light in weight 
from tile same reason. Tbev are ini- 
poi'ted from Spain and Algeria, 

<h‘ab.—Two kinds of stick are fur¬ 
nished by this plant—the wild form of 
the cultivated ajtple (Tgrus m r/us), tin* 
plainer sticks being known as crab, and 
the knotted or irregular sticks as 
warted crab. They are the produce oi 
our own country, though some arc im¬ 
ported from the (’ontinent, 

I>ate Palm.—These are the midribs of 
the leaves of this well-known jialm 
{f^KFiiix ddi'iiflifern) with thcj leaflets 
cut off, rounded and aiftoothed, and then 
poli.shed. Tiiey are imported friMu 
Algeria. 

Dogwood (Corms smiijmnFa ),— ^Tliis 
is a well-known shrub of our own 
hedges, the wood of which is hard and 
not liable to splinter; lienee it was at 
one time much used for butchers’ 
skewers. These pro]ierties, together 
with those of rigidity and Sghtness, 
have caused the sticks to become* •sf'sfi 
much in favour with walking-stick 
makers. On this account they are much 
used for the ** pillars ” or sticks of 
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tmibrellas uinl sun^hadet?, havini; 

*itiier hamilrs or knobs to 

'I’lioy are imporlcd in lar^e quautitira 
iVoin Franfo, Germany, and otiicr jiai fs 
(-1’ the Continent. 

Lbonv.—Several kinds of ebiniv are 
» • 

known in the trade as Ceylon, Macassar, 
and iiowered ekonv. The Uvo former 

^ mr 

aie the ]n*odnce <d’ Jh’os/o/ros chrn'nn^ 
'and the latter of a totally dilVerent 
]»lant^ namely, Ih'i/'t (hcniis, 'J'lie first 
is a natne oi‘ (awlon and India, and 
liirnishes the best true ebony, wliile tin* 
seruinl is A small tree, native of tin* 
West Indies, and is sometimes known ns 
1 X 1 eon ebony ami coons-wood, so niinb 
used fbv making Ihiles. 'I'iie ebonies 
lurnisli very <‘hoiee sticks, whub are 
cut from the solid wood. 

Knealyi'tns.—'Phis, as it-* name im- 
j'lies, IS the pnnloce of Ettiitit/jitas j 
(iltihulus^ better known, peiha]>s, as tlie j 
blue £xniu. It is a natiNe (d' Australia, 
but has been introduced into many 
other parts of the world. The sup]ily 
for the stick trade comes from Ali;*’na, 

Fullers' Teazle (I>ip$(U'us Failoumu). 
—This plant is probably only a culti- 
lated variety of tlie common tea/b* 
Ibiind wild in our copses and liedsxes 
( Fifisticns itplcc.stri.s). The jdant is cul¬ 
tivated in some parts of this country, as 
well as in Franco and fJermany, for the 
sake of the booked bracts of the tlower- 
heads, w'liicli are useil b>r teasint; or 
Carding cloth- 'J he adaptation of the 
stems for sun^liale Iiandb’S is very 
singular, for ipost of those used bu* fiie 
])Uiposc are fasciated or abnorimiliy 
twistei^ in tlie pnx'css of growth, so 
that thev heconi? double or tieble their 
normal size. Tliis fasciatiou w'asatone 
time considered to be unusual in the 
teazle, and their ajipearance a few years 
Sfince in thousauds as sunshade handles 
came as a surprise to the botanist. It 
evempHHed, however, what has bed.i 
before said, Imw a]>purently useless pro¬ 
ducts can be made subservient to the 
demand^if commerce. Teazle stems are 
;riyarted from France. 

^ Furze, Kometimes also known as Whin 
or Gorse {JHcx europeits ),—The stems of 
tliis common British plant are, as is well 
b 


known, veiy hregular in their giowth. 
When they arc straiglitened and pro¬ 
perly ilres.sed, how'ovcr, they in.tke 
extremely ju'etty walking and umbrella 
.stick';, and aie in great demand. 

Gru-ttrii.—These are the saplings nf 
a jialni, the botinical origin of wlinli 
canni»t be accurately determined, inas¬ 
much as the name gni-gru is etjually 
u|qdied to Asfntt’di'tptm vultjurc and 
Arrnf'nmii sclcn)*'(iriht^ botli South Ame¬ 
rican ^|u•<•ies, 'Pile stit'ks are vciy 
bcjintiful, being nf a rich dark brown 
v\ith tine wliite iongitudinal hues near 
the jtiiuts. 'Pbe rootbeads also are very 
li.aiulMune. The sticks arc imjiortcil 
trom tlio West Indies. 

Guelder l^l^c ( Opulus ).— 

'PJic sticks 1‘ioin this wcdl-known .shrub 
are very attra^•ti^e ■when dressed ami 
[Kdoshecl. Tile bark wiiich covers them 
IS of a rich hrowii, thickly marked witli 
white lini's. Tliey are of a comjiara- 
tively recent intvotliictioii, and are very 
much in demand. They are Rometimes 
known nmicr the j\dme of Balkan ruse, 
lM*ing imported from the neiglibourhood 
of the r>a)kans. 

JIa/el.—d’liis well-known stick is the 
]>ri»<]iice of Corylus Art'llana^ and ha.s 
<|uite recetjtly increased very much in 
l.ivo\n* both for walking and umbrella 
sticks, A \ariety known as silver bark 
ba/el is the mo.st beautiful. The sticks 
au* iuijuu'ted Irom various jtlaecs on tlie 
coiitineut of Kui’ope. 

Holly {[U\r (it(uifoliwh ).—'Plie sticks 
i»f tins favourite shrub are so much useil 
for walking sticks, wliip-handlofi, and 

similar uses that thev need onlv to he 

% » 

enumerated. They are cluefly the j)ro- 
dm*e of (»ur owm country. 

Hornheam ((Vir/mms •—■ A 

w cdl-knowu havd-\V(»oded tree; the w<mu 1 
is of a very Itglit c<»lour, but makes 
durahle sticks. The market is supplieil 
by Knglish growth. 

dainbee, or Jaml»ezc —This is a]>- 
parently tlie jiroduce ol thcjialm, ^'hich 
has yet to lie determined, 

Lanccwoful.—^'Pliis wood, supjioscd to 
be the produce of Fut^uvtia quitare^isis^ 
a tree of AmcriA, is much used 

•for shafts of carriages, whip-handles, 

^ P 
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aiul the toj) joints <»f iiJiiing-rods, in 
consequence of its elasticity and 
strength. For the same reason it is 
used for walking and umbrella-sticks. I 

Leva Canes.—Tlie stems of nn A us- ; 
¥ 

Iralian palm (^Cnlttyaus australis). They j 
liavc somewhat the ajq>e:irance of a 1 
rattan, to which they arc a close 
botanical ally. i 

Malacca (^Qdamns scipionnin). —Like 
the last, tliese are the sterns of a climbing < 
palm, imjiorted, not from Malacca, but 
I’nmi Siak, on the ojiposite coast of ; 
Sumatra. They are a very choice stick, 
and fetch perhaps the iiighest price of 
any stick in the maiket. ! 

9 

Maple (Acer cam})estri'), — The 
branches of this well-known llritish 
tree are somctiiiics used for walking 
sticks, as well as tiie wood of ifs Ame¬ 
rican ally, the bird’s eye maple {Acer 
sarrharimon). 

Medlar (P//CW-) (frnnnnirti ),—Sticks of ; 
this ])lant are imported from France. 1 
They are sometimes covered with nu- 
nierous transverse gashes, which is done 
in the stem during growth for tlie pur¬ 
pose of ornamciktation. 

Midgeu.—Tljis is the stem of an Aus¬ 
tralian palm (Kentia iHOiujstarJn/a\ Ft 
makes a very ])retty stick, from the 
markings or scars of the fallen leaves 
being very close together. 

Mountain Ash.—A well-known orna¬ 
mental tree of our .shrubberies {Pt/rus 
Aucupnria), The sticks are slender ]>iit 
strong. 

Mountain Bay,—A sleioler palm, the 
Muirce of which is luiknoun. 

Myall Wood (Aracia hoinahiphylla), 
—A leguminous tree of Australia, tlie 
violet-scented wood of wliich is well 
known and has been much used of late 
in the manufacture of jnpes. The sticks 
are not jiolished, 'so as to preserve the 
scent. 

Myrtle.—Whether this is tlie produce 
of the Myi*tus cothinunis is somewliat 
iloubfful. It makes e.vcellcnt walking 
and umbrella sticlfs, which are imported 
from Algeri^a. 

Nana Canes,—pThis name has been 
given to the hoVluw roed-li^At stems of 
Arundo efopar, the rhizomes of which 


form excellent handles for umbrellas and 
sunshades. Tliey aic imported from 
Algeria. 

Oak (Qurreu-i Jiubur'). —The saplings 
and brunches of this well-known British 
tree are much used for walking sticks, 
and are alwavs in favour. Under the 
name of Brazilian oak, stick lliat has 
met with a very large demand has been 
known in the market for some few 
years. Jt is corrugated longitudiiiHlly, 
and knotted throughout, the knots being 
espe<*iall\ thick near the knob. Thoiigli 
this stick is a great favourite, its botani¬ 
cal origin at jwesent is obscure. Jt is 
inqtorlCMl from Bahia, and is sometimes 
known as the (Vylou vine, 

Olive ( Ole<x ruropdi), —Tliis is another 
favourite stick for which there is always 
a large demand ; the dark green bark 
has a cliaracter of its own, and the 
brown markings of the wood, w'heu 
stripjied uf its bark, has much to recuiu- 
meud it. Olive sti<'ks are imjiortcd 
chiefly from Algeria. r 

Orange.—The orange sticks, which 
arc imported chiefly from Algeria, are 
probably the produce of other allied 
species besiiles tliat of the common 
orange {Citrus auraatium)- The bark 
of the orange, when dressed and i»oliflhcd, 
has a brigiit, greenish colour, witli 
while streaks, and makes extremely 
jiretty sticks, for which tliero, is a con- 
.stant demand. 

Orange, Black.—This is a distinct 
]iroduct from the foregoing, ami is not 
furnished by any species ,of (*itrus^ liut 
Ijv the common broom {Oj/tisus sro~ 
jiarius). The bark has^somewh^ of the 
orange marking, but its colour is nearly 
Idack, as its tra<Je name pidicates. It is 
iiiqiorted from Algeria. 

I'alinyra,—'I'Fiese sticks arc cut from 
the solid w'ood of the ]ia]tnyra palm of 
Imlia {liorassus flabellifonnis). Two 
varieties are known, bla(‘k and red, the 
one with intense black lines, the other 
with red. The wood is imported from 
India. 

Partridge Canes.—Under tiiis nSIlH 
an iinmensG quantity of canes, with and 
uithi/ut iiie bark, are annually im¬ 
ported from China. Though they are a 
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f^iecially favourite stick for walkings 
umbrellas, aud sunshades, the botanical 
Muircc still remains unknown. They 
are largely used for the twisted and 
curled handles now so niu<‘h in vogue. 

J'artridgc Wood (^Andira incntus ).— 
Tnis is a large tree of the West Indies. 
'Die Wood is (:h»r#-grained and hard, and 
lakes a good polisli; it is used chieily 
for umbrella handles. 

Penang Lawyer (^Licmla anttifida ).—■ 
This is a palm, the saplings of which, 
with the roots attached, are iinportecl 
in considerable quantities from P(mang. 

Pimento {Phnmta officinalis). —A tree 
(ommon in Jamaica, where it is largely 
cultivated for the sake of its fruits, 
which arc the allsjiice of commerce. 
Por the stick and umbrella trade large 
quantities of the young saplings are 
imported from the West Indies. 'I'he 
sticks are valued specially for umbrella 
handles, in consequence of their rigidity 
ami non-liability to warp. 

.Pomegranate (Punka Granattm),—- 
These sticks come mostly from Algeria, 
where they are specially cultivated. 

Kajah Cane.—This favourite stick 
has been known in commerce for some 
*JO years or more. It is imported frmn 
Borneo, and for a long time after its 
introduction its botanical origin re¬ 
mained a mystery. It has, however, 
since been referred to the genus of paling 
J'AtffcissoniUj and probably to the species 
vU7ior, The commercial name rajah is 
said to be derived from the fact of the 
duties ]>aid foj its export being claimed 
l>y the Kajah of Borneo. 

Batt#n.—Under this name a variety 
of sticks, appijently the produce of 
diherent specie| of CalamnSf are known. 
Thus wc have root rattans, white liard- 
.barked rattans, monster rattans, minia¬ 
ture rattans, aud so on. They are all 
of a similar character, with the scars of 
the fallen leaves strongly marked in 
transverse rings. They arc the produce 
of Kastem countries. 

Snakefroorf (^Urositnum Aubletii^n — 
^This IS also known under the name of 
^ letter-wood aud leopard-wood. It is 
the produce of a large tree, native of 
Ouiana, Northern Peru, Brazil, and 


Tiinidad. TIjb wood is extremely hard, 
of a rcd<iifah-browt» colotir, maikcd with 
dark transverse blotches. It makes one 
of the handsomest sticks known, and 
when mounted with gold h;us a veiy 
rhlj ajq»earancc. 

1’histlc.—Under this name llic steno; 
of the mullein ( arc 

kni)\vn in commerce. They are slender 
ainl \ery light, both in colour and 
weight; tliey arc, ]»ow ever, very J'rettily 
marked, and make good handles for 
umbrellas. 

Tonquin Canes.—These are blonder- 
joiiited sticks of the character of bam¬ 
boos, and are the jirodiue tpf an imkiittw^i 
s]>ecics of Arundtaftriii. They imike 
light and strong sunshade haudles, and 
are very mucli used for that pur])ose. 
They are imjjorted from China. 

Whangee.—This is a well-known cai»e 
imported from Japan, and is formed of 
the rliizome or undergnumd stem of a 
kind of bamboo i^Pfii/llosttchi/s ni)jra). 
The cane is x^ery pliable, and is very 
distinctly marked by the transverse 
scars of the young shoots, where they 
have died out, and where the rootlets 
have fallen off. The canos are mostly 
of a pale yellow colour, but there is a 
varietv with black scars known as fins 
black whangee. 

Whitethorn.—is another name 
for hawthorn (Cr<tta'<pis (Iryacantha), 
The wood is very hard and close-graineil, 
and make.s very strong fiti(‘ks. 

Zirracede.—A closc-graineJ, nearly 
black w'ood; used mostly ns a cabinet 
W'ood. It takc.s a good judhili, and has 
a very handsome appearance. (J. B, 
Jackson). 

(ii) Walking stick'^ should not be 
cut or pulled later in the .'^iiriiig than 
February, nor earlier in autumn than 
i October, the best time being from early 
1 December to mid-Febnuny. They 
should not be stripi»cd of bark nor 
worked till half tky, aud meaatime 
should be stored in a cool and mode¬ 
rately dry place. It^is best to leaV all 
roots and si»urs on the stick about 1 in. 
long when la^ng aside When 

hall’ dry suj'plAioss is at its 

greatest, and working is facilitated. 
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htiiks ])L^. (Hilv roiiirh 

« * 

trininunl wlirn jmfc nwiiy sc.HhiHi. 
Ash stii’ks jnust also })C roujjlj friiunn*<| 
woll scasoiu'ti tln*v an* 

harked and ])ohsl)t‘J, The wjxuI mi I 
enrimisly-fonuod riM)t-kiu»bs of ground 
ash atlinit of eAceilcnt grotes«{ue earving. 

Of ail hoint*'gi*o\vn stinks oak is tiie 
most iH'Iialde, and stotit oaken eutlgols 
are esteemed by Ino^t ]tersoiis as some 
of the best ]M‘o]»s to failing legs, as 
>\ell as the best weapons forself-defeiiee 
against quarrel-iOine dogs and rowdy 
nillians, Straigiit sfirks of s.ipling *uk 
aiT not always eaNily obtaineil, but 
< Mp^i'-w< mh| stiek'» joille'l iVoin the 
stuni)»s of trees form exeellent sub-.ti- 
tntes. These slnmld be S( h'eted foi* 
walkiug-stit ks wdiidt tajM*r gradually 
from in. just lielow tlie kiuib or 
eruttdi, down to J in. at tlic o]»pos^to 
(Mid. (hiarled and ('ruoki'd oak slieks 
are soinetiiiK*'* fancied, and heavy eud- 

f V 

g(ds are sometimes selected for de* 
tensive jmrpose^. Oak sticks split in 
(Irving w'iirn the bark ha> b)*en stri]>ped 
(Ul, (*v the knots cut too close, or the 
sticks put away to dry in a very w'arm 
dry place; they are then reuderetl 
n-^eless for w'alknig-sticks and cudgels. 
The wood and aNo the form of the 
knobs or roots w'ill admit of much taste 
b ’ing displayed in carving. 

From the roots of elm trees, saplings 
witli a coating of rough bark will slioftt 
up straiulit lo a height of lu 12 ft. 
These will furnish good walking-stuks 
of the fancy tyjie, tlie rough baik 
serving the [»urpi>>e of ornamentation 
when tli(‘ .sticks are dried, stained, var¬ 
nished, and poiisluMl, The wood is also 
durable, but not very shpple when 
dried, and sticks of it are not suitable 
to hard usage. The usual jireeautious 
must bo taken in drying them. 

Jdght sticks of hazel may he ent 
or ])ulled from almost every hcMlgerow 
and iu any w(»od, *Sapling.s are n(.»t uii- 
freciucuUy found of most hyiiimetrit j 1 
proportions, tapenag from 1 in. down 
to I in. through a length of 10-'12 ft., 
riie.se arc used hy country swains as 
goads for thc*»(>xen, and^^orin very 
tough sticks, Tlie wool is very light, 


blit it lias the disadvantage of IxMuling, 
and remaining crooked wIkmi l(‘nne'l 

*D 

u]>ou luMivily, it is also soft, and mav 
1 m’ (Msily carved. Occasionally, liaz»d 
stuks Jna)' h(^ found gr()te.s(piel\ eii- 
twim*d with honeysuckle, and the st(Mn 
.so deejdy furrowed with the sujijile 
vine as to enclose the^convolutions of 
the climhor. Sticks of this kind ar(»^ 
valued as f.incy stuks, and look well-'** 
when ])vopeiJy prepared, Aarni.slied and 
j»oli>hed. 

In evposcl ]»(tsitions the hbukthoni 
i.s only a dwart •'linih, but iu .sheltered 
iiedgerows and woodl iuds'/t attains a 
lieight (tf 20 ft., and i(.s sajtlings run u]t 
to a ItMieth of tj-8 ft. straight and 
t.ip(M*, but co\eit‘l with stout spint'S 
and MiiJiIl twigs. Tliose saplings make 
e.\celh*nt w;iiking-sti('ks. Ixdli wlien 
they can 1 m* duo (U' pulled up, aiil also 
when tin V have to be cut oil*. Tlie 
^plnes and twigs must not be cut oil' 
(lose until tin* slick i.s lialf dried, 
ainl then cut with a sharp knife; in 
tact, the kinds from the sjunes and 
twigs when left as slight round ex- 
cn'scences enhance i\u* lieautv of the 

w 

linished stick, JHackthorn is nioie 
famoii.s for its liardncss, hirength, sta¬ 
bility, and (Jui’ability, tliau for light¬ 
ness, ela.sticity, and su]>]denes8. A 
cudgel made of blackthorn will deal 
lujavy blows, but wdien matched against 
one of oak w'ould .splinter at the knots, 
the oak heing the tougher stick. The 
W(»o(l is hard and not easily carved, hut 
the root knohs will adniit^of a very fine 
and smooth pidish, mo.st grateful to the 
juilin of the hand of the tired^ ped(*s- 
irian. Its congener, Mie whitethorn, 
or hawthorn, is not so suitable for 
walkiiig-stick.s, being more brittle and 
less durable. 

Among fruit trees, the cherry will 
fiiriiisli some very nii'e fancy sticks, 
bujtjilc, and of tolerable strength ; and. 
ajfplc wo(td, when well and carefully 
dried, W’ill yield some good sticks. 
Grape-vine and briar sticks c^innot he 
relied upon for stability when leaned 

Wlien sticks are half-dried, that is, 
when the bark is shrunken, has lost its 
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aufi ipriiscs to ]h*o1 
fm:ly, tilpy may 1 >p friinnitMl, 
putMl, or lipnt as ivquiic l. Tn IhmuI or 
1o straiijlitpu tluMii, they may he liehl 
<»\er steam until iviidered siijipie, (tr 
huried in Iiot \\et sand until thi^ m l 
has iuM'u attaiiusl ; they nuiht then lx 
i-'ueii (he fhim tliey are intemled to 
assume (whilst^still hot), and kept in 


siii;L:e''li\e tlienis(d\es. One or 
"lintjs should, li , , 

siderati<in in liesiirain^ a knoh, an<l li\e 
first should he the ultimate use f>i 
tlie stick, jr the stnk js to he a l.iin'v 
one, to he earned and swuul*; in iJo* 
liaiul, more for aj»jH*{iraTo 
Use, thi*i auKMint of skil 

ii^s may Ijo 1 \]icnd«*d he Iciu-h; 
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tills fonn until they arc eold, straiy;ht 
sticks beinij tied firmly in small 
)>undles, and wound ^Mtli a coil of 
rope from end to end, or suspended 
from a heim by the knob end, whil^'t 
a heavy weight is hun^ from tlie small 
end. Crooks may he turned by im- 
rnersi^i; the o%d in boiling water An- 
•> 10 minutes, then bending it to the 
desired forin^ and seenring it in this 
position with a tourniquet (Fig. dhO A) 
until tlie stick is ootil. Tiie bark may 
next be taken off with a sharp knife, if 
so required, and care must he taken md 
to splinter or chip tlie wood iff the 
htiek. Knots may he trimmed at tlie 
^ame tinie, and the knob trimmed up to 
f'lmpfi. Hard and fast rules oanuot he 
iriuMi for the formation of knobs, since 
tlioir form must be regulate I .by the 
natural knobs, and these are often very 


but if the stick is for use, we .-ilumld 
first ronsitlrr it', use. Hound smooth- 
headed knobs (Fig. .‘i50 li) carved :unl 
]Xlli^bed to fit comfortably into tlu» 
jialm of tlie hand, will meet witJi most 
ncceidance finm those who use a stick 
as a support. Hut knobs thus formed, 
and shoiu ot a ]triijecting crook or 
hiKik, oftcr, slip from beneath the arm 
or out of llio liaiid w heii its owner 
islies to use both hainls for some 
purpose, Tlie head of a dog with .i 
long muzzle, the head of a swan or a 
goose, forms an apjiropriate de.sigLi for 
such a stick. *fhe crutdi (Fig. 1160 C)or 
half-crutch form (l^ig. J150 l>) is also a 
eomfortiible one, buj the ordinarj# crook 
(Fig. 1150 A), although useful for many 
id her purpoWf does not flrfi comfortably 
m the lupd, it is too^much of a hand¬ 
ful, and *hie cetifral &U]qiort usunllc 
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finds its bearing under (he forefinger 
instead of the palm of the hand. Sharp 
cawing on the knob should always bo 
discouraged, for it only hurts the hand, 
but the neck of the knob mav receive 1 
the carver’s attention. 

Elm sticks with tlie rough bark left 
on (Fig. r»r>0 E) niu'.t bn noatlv trimmed, 
naked around the iicck of the knob, and 
at tlie ))ottoiu of the stick just above 
tlic ferrule, loose bark should also be 
neatly tnmine.l witli a shnrji knife, and 
the whole lightly gone over with me¬ 
dium gl.iss-|ni|M*i‘. The stick sliould 
then rcM'eive a <lressing of hoilc»l linseed 
oil, and ]>e left to «lry. When dry, it 
will be well to go over the smooth 
parts with a little polish, and finally 
give one or two coats of hard sj>int 
or Cfipal varnish. Holly, ash, hazel, 
cherry, apjdc, birch, etc., should have 
]>art of their bark only taken off with a 
sharp knife, leaving all knots smoothly 
trimmed, ronncled, and clean. Tlie 
sticks should bo then lightly glass- 
papered, and, when smooth, dressed 
A\it}i boiled linseed oil, dried, j^oli'.licd, 
and varni.slied. Oak sticks look bo^t 
when carefully barked in hot water, 
cleared of the loose bark bv rubldng 
with canvas, dried, tlressed with boileil 
linseed oil, again dried, then polished 
and varnished with oak varnish. Illaek- 
t]i(»rn sticks should he only partly 
harked, the kinds smoothly trininied, 
thou glass-papered quite smooth, rlrchsed 
and varnished as directed for other 
sticks. Sticks may be stained black 
after they have, been gbiss-pa}>ered, and 
before they are dressed with oil, by 
first brushing them over with a hot 
and strong decoction of h»gwood and 
nut-galls, and when this has well dried, 
)>rushing over them some vinegar or 
acetic acid in wliich a quantity of 
j)roto-sul])}iate of iron, some iron rust, 
or some old rusty nails has been 
BteepOfl some 2-3 jjays )ireviou.sly. A 
brown or mahogany tint may be given 
by atiling .some d^'Agons’ blood to the 
]M»Iish, IInd a yellow tint may be ob- 
t.iincd bv a«iling vclb>w> .>chre. Some 
persons u^e ink^for a blact,t;tain, and 
others put drop bl;\<‘k in the varnish, 


hut the black stain above nicutione>d 
lireferable to all others. The sticks arc 
to be polished and varnished after the 
stain is dry. The bottmn ends of 
walking-sticks should be guarded from 
excessive wear by a neat brass ferrule, 
but these arc more cheaply bought 
than made. They shojijd be secured to 
the stick by two small screws, oue^ 
on each side of the stick, to prevent^^ 
them from coming off when tliey get 
loose in dry weather. 

The remaining diagrams in Fig. 350 
indicate as follows:— f, blackthorn 
knob in the rough; G, ash root as dug 
up; n, ash root trimmed ; J, ash or 
! oak knob as pulled from ]»ollard or 
stump; K, the same trimmed; l., stick 
bent and trimmed to form a crook, (f«, 
Edwinson), 

(:i) Use Judson's simple dyes; they 
are so clean, an<l moreover so economical 
ill their application that they take the 
leading part in all work of fancy) or 
intricate workmanship. Put the stains 
on with a camel-hair brush, diluted 
with water. For dark stains use copal 
varnish, or purchase some from a coach 
painter. For light woods use the light 
crystallised varnish, such as is used for 
tiu* tojis of washstands, &g. Old dam¬ 
aged sticks that are varnished should 
liave tlie varnish oaten off wdth liquor 
ammonia?, then rinsed, scoured, stained, 
and varnished again. 

(t) Make a solution of 3 parts glue 
in loo of warm water; to this add 1 
])art whiting, 2 parts orange clirome. 
Mix well. Apply hot with a soft brush 
to your sticks. When thoroughly dry, 
rub down with a pieces of dry flannel. 
A]»])ly a second coat of colour if deeper 
tints he required, or usd burnt umber 
and brown ochre ffu* oak tints, When^ 
dry, apply the billowing varnish:— 
Uoarsely-powdercd copal and glass, each 
4 oz,; alcohol, 04 O.F*., 1 pint; cam- 
])hor, i oz. To be heated over a.winter 
j>ath, with constant stirring, until the 
copal is dissolved. When* cold^ decant 
the clear portion. Be careful that the 
aicoiiol docs not inflame. ^ 
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Boat Building. 

(.f) Thft first thing to hi? (lone is to 
•h'sigu Ijoat intomlcd to be built, and 


which moulds Riiiiilur to that shown by 
B arc now %nade, T)ic C(»n^truetiun ol' 
these moulds does not require any par¬ 
ticular care except that they iiuist be 



draw n plan similar to tlmt represented made sufQnjputly strong to resist pres- 
by b'ig. 351 A. The designs must now sure during buildi^g^ and must be ex- 
be drawn upon a floor full size, from trcmely^ accurate along the outside. 
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This Ihe huil<liii '4 of tlu* Imat may 
mnv be ronimenrnd—if po^ible muter a 
nijiproof shed—by laying tlip keel and 
teiumiug to H the stem u on Fig, ami 
sternpost a on Fig, 1). Sliould the keid 
not be thick eiioiigJi for tcmoning, it 
inav lie b()x-scaj‘fe»l, by ouffini; a^Yav 
half of cacli, After this the keel must 
be fixed in the slocks, the stem and 
sternpost plumbed to see if tlicy are 
1 rue, and thereafter sta\etl by pieces of 
wood from the lloor oi the. wnrkslmp. 
The keel bhonld be cut* t(*<*hiu< ally 
speaking, rabbete«l, as shown in n, 
Fig. K, so as to allow the garbeani 
strake to fit in ihe stem, and sternpost 
sliould also be cut in a similar manner 
nhere shown by tlie lines /> in Tigs. C 1>. 
A stout )dece of wood is now nailed 
from the top of the stem to the s!<*rn- 
pod, in order to keep them better 
together, and aflord adilitioiuil support 
to the moulds wlien inserted. 'I'he knee 
r in Fig. 1), apron c in Fig. and 
transom h in Fig. D, are now inserted ; 
tlie holes being bored with a fine anger, 
tlie nails being driven in from the in¬ 
side, and securely elinclied from the out- 
sale, as shown by Figs. Ci>. Oak, 
ash, or elm is generally used for the 
foregoing, and all bent timlier mu.st be 
grown. The moulds can now 1)0 jdaced 
in their ]>osition and firmly secured. 
Thereafter, measure the half girth of 
the midship mould, and divide it into 
an equal number of sections, after 
allowing about -J in. for tlie landings at 
eacJi plank or strakc. llaving ileter- 
inined ujuni tlie number of strake.s, 
mark olf an etjual number on the stem, 
rabbet line, sternjio.st, and transom—it 
will be seen that the strakes J^aper con¬ 
siderably foro and aft—ami begin plank¬ 
ing. To do this, a novice may retpiire 
ail u]>paratuH for steaniing tlie jilanks, 
that they may bend more easily. This, 
although it must be st.eaintiglit, need 
jiot be an fdaborate ankir. A wooden 
bo\ Ilf the desired lent th, and about 8in. 
square msidc measurement, with a door 
at either encl, wilT Bullice. Jf the 
builder cannot secure stom from a 
boiler, he will retpiire to ida^e this box 
up( legs sufliciefitiy high /iifely to 

( 


allow a fire and pot underneath, from 
which he e'an make a wootlen steam pipc^ 
to the box abore. Hio garboard strak(» 
—the j*Iaiik nearest the keel—is (itteit 
on first, and so on uitvvards. Some, ot 
the strakes will be fouiii to be curved 
or “sneyed ” in a curious manner ; but 
tbo correct curve of the sfrake to be 
fitted on can generally lit’-got by clamp¬ 
ing it to llie preceding strako, nnd^ 
marking the curve witli a pencil, 'flic 
strakes are nailetl tt»gether in tiie fi>l- 
lowiiig manner:—The strake to be 
tittetl on is .secureii in its ]iniper jilace 
by clamps or wooden screw?, a hole is 
bovetl thrnugli both planks at the lamU 
ings, a roving nail is tlien driven in 
fr<»ui the outside through a move in the 
inside, wdiich is held iu its jdace by a 
moving iron—a kind of }iincers which 
allows tile nail to pass through. The 
end of tlie nail is then cut olVall luita very 
small ])ortit)n; a )iolder-ou is then ))ut 
to the back of the nail from the outside, 
and the insole portion of the nail still 
remaining is hammoved haik ujion the*- 
movojt iuis,in a manner, f<u*miiig a rivet. 
At the stem, stenipo.st, and transom, of 
course, the nails are simply driv'eu in. 
It may be necessary to bevel tlio edges 
of tlie bilge strake with a plane, in 
order to keep tiie correct curve. 'I'he 
]daiiking almost invariably is of yellow' 
]iine, and some b<tat-bui1ders recDtnniend 
painting the landings with red lead, 
when the strakes are ]>ut together, 
alleging tliat it keejistiicm from ladting 
the better. After the ])laiiking is 
finislieit, the moulds are ti.ken out of 
the interior, and the. timbers are in¬ 
serted, being clinched ^iii a sithilar 
inanucr as the strakes. Tfiey are gene¬ 
rally of elm, or other hard v^'jod, and will 
require about 4 hours' steaming. The 
floors b in Fig. 1152 K are next inserted, 
hut are not as yet clinched, as, after 
being steamed and nailed in their posi¬ 
tion for a day or so, they are removed 
to be joggled—cut to fit the planks— 
as shown in the diagram. . If ^vowii 
timber can be had, the fioora can be 
and put in at once. The floors 
extend from bilge to bilge, ami are of 
hard w'obd. The gnnw'ale is now fitted 



noAT inniiDiNfi. 


409 


m. 'J'liis r.'in be done in sevonil ways : 
1^' euttiiiET down the timber heads a 
Mifllrieiit depth to allow the ^^unwale to 
n'st on them and lie flush with the top 
?.trake by rutting away i in. or so oiF 
the top of tlie timber lieads,and 
the gunwale to admit of their insertion ; 
ov as is shown bv (f. Kiir. K, bv ral)betin"' 


both sides, as si liv 1‘ii:, 11. A 
stringer b, in Fig. F, is now put on on 
eaeh side, running from how to stern, 
anti c*liiiehe<l thnmgh tlie timbers on 
I which the seats in c Fig. F rest. Tin 
seats are also <‘Iinchcd to the knees li in 
Fig. F. 'I’hese knees are iiUo clinched 
to the top stroke. 'I'he Imiw and stern 



the gunwale and fitting it on over the 
toji sti'jike, to whicli it is either cUnclied 
or nailed. If either of the two former 
]>lan8 ^adopted, the top strake 

should l)c of elm. The gunwale is of 
^ooxwood. A stout knee is inserted and 
secured at the base, as shown by Fig, (1. 
A knee is also inserted at the transom 


lioit.s, bow and stern gratings, and 
bottom boards are now made and put in. 
The bottom boards ^are nailetl together 
before being put in, ;^nd then secujKd by 
a clasp, that they may be easily re¬ 
moved for cUdpiing the bottom of tlie 
boat. Tl^ cudder no^' alone remains 
to be iiKUiej^nnd is bung on pintles, ;is 
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shown in Tig. 0 . Kt>r llu; (‘<|ui|»nicnt 
Ilf such a boat us this, the biiihJer iniiy 
rah'ulute that oars \viU cost Gd. j)C*r 
lineal It. 'I'he anchor should weij^h llh, 
jior ft, of boat in lenj^th, but if a sailing 
ijoat with ballast, 1.4 lb. ])Ov ft. In 
that CUM’, a s 1 cj‘ "ill required to br 
made for tlie mast, wliich sliouhl be 
nailed to tlu: keel. All the nails used 
in the construction of tlic boat mn.st be 
of rojijjer. Also an iron cla^jj to c;n li. 
'i'he nuiht must be fitted to the seal, the 
.•^eat being cut to receive half of the 
girth of the mast. For the mast a g<pod 
Norwegian jduc— liome-grown tinibcr is 
useless—about ‘JO It. can be got f'V 
aliout os. in its rough condition, anti is 
drcssetl by an ati/e before being jdaued. 
I.ongitiulinal craiks are of no conse- 
tpicncc in a sj»ar; but tlie ^lig[ltest 
flaw transversely denotes that it Is 
sjtrung -so useless. This never occurs 
but in masts wbich have been used, 
when care also must be taken that there 
are no signs cd* rottenness anywiiere, 
esjiccially at the hoiiinis. A sail—pre- 
siimahly a lugsuil—of best duck will 
I'ost about Is. 4d. )K‘r st|. ytl.; but if 
the imibler dc.sirt'S to make it himself— 
a dillicult and delicate task—gtJOtl duck 
c.in 1)0 jmrehased fi‘r i>i/. jmt vd. Duck 
is most suitalde for all descrij»lions ol 
‘^mall boats. In any case avoid i’otton, 
as it does not liobl llie wind, is very 
IVail, liable to rot, and soon turns an 
unchangeable dirtv colour, ilisliearten- 
ing alike to sailor and spectuti^r. lloaf.s 
similar to that giM*n here arc wry 
connimnly built “ double-liowed tliat 
is, tbe bow and stern are shaped alike, 
the lines at the stern being a little 
fuller. Opinions differ to their 
resjipctivo :i[>j>earances ; but if it i.s the 
biulder’s desire to have a boat that 
siiall “laugh at all disaster, and with 
wave and wdiirlwind wrestle,*' lie could 
nut do better tlian build it in this 
manner, as besides possessing many 
minor advantageV*'^ so shiqicd will 
run I'oforc the wind in a gale that her 
“square-storned ” consort could not be 
kept afloat *» minutes i%,, (.1. McCash). 

( 6 .) Take lO^or 11 cedar boards J in. 
fhitk, and not less than^v in. wide 5 


also, J cc'bir boards 1 in. tliick, 14 in. 
wide, and I.*! ft. long, free I'ri^o 
knots. The latter will he called the 
sldehoards. They should both bo ot 
same quality, so that one will bend a.-, 
easily as the otlicr. (Vdar i.s used 
tlirouglmut, except wdicre the name of 
the W'oofl js given. 

A ])iece is cut, sluijill like Fig. .*mJ A, 
with the entire length 4 ft., tiie Avidth 
1J in., and the distance ft from tlic end 
to the dotted line 4 in. We wdll name 
this the crohsdioard. A ])ie<‘e of(»ak is 
nit of similar sJiape, but making the 
entire length JO in., width 10 in , and 
di>taucc d G in. This is the steru-piece. 

Ibdh ends of each shle-board ore 
s:nved off bevel, like the ends of tbe 
cross-board, and with same slant .'it 
botli ends. The )>e\cl at one end of the 
.siilc'board .should be the reverse of that 
at the other, making one edge 12 ft. 8 in. 
long, and the other IJ ft. The sidc- 
IxKird has tiie ajipearance of Fig. A 
elongated. The tapering of the side¬ 
boards at tiie ends, necessary in ♦he 
construi'f ion of a .‘tcow, is not reijuired 
here. The necessary upward curve of 
llio bottom is obtained by tbe bending of 
the side boards, as described hereafter. 

Set tlic sidcdioards 6, Fig. U, on edge 
parallel with the longer edges upper- 
mo.st, and at ahout the middle ])la<‘e 
flic cross-board t between, also with it.s 
longer edge uppermost. Nail the side¬ 
boards b lightly to the cross-board /. 
Witdi tbe aid of ropes, draw- two ends of 
tbe sideboanis together; the other ends 
draw against the sternijiiecc r. ]u a 
]uece of oak, about IG in. long, cut 
grooA'cs tiiroiighout «*its len^h, ami 
make U cross section like Fig. (?. ThU 
“stem-piece,” ns it is called, is placed 
between the ends of the side-boards that 
were drawn together. After alteriif? 
the shape of tlie stem-jiiece, if necessary, 
80 that the ends of the side-boards shall * 
fit closely into the grooves, the side¬ 
boards are securely nailed to bot'h stem- 
l>ieco and stern-piece. The yrojecting 
upper end of the stem-piece is sawed off, 
and the boat is inverted carefully. ^ 

I'lie convex edges of tbe side-boardir 
are planed down 1 in. or more at the 
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iniddlc C V'ig. n, so that the hottoin (the 
boat is now bottom up) may bo flat 
from a to making easy curves at a and 
k This flattening of the bottom is not 
iisoloss, the draft being thereby dimin- 
ished, and the speed probably incroasoil. 

Bottom b(»avds ^ in. thick are naih‘d 
(HI rrosswise (Kig. K), and the jo-ojecting 
ends are sawcif oiV, A long hottiun 
4>oard is ]put in, and the cross-hoanl, 
whii’h was ‘only temjiorarv, is knocked 
out. 

Kig. F represents the M»!it at the Ikhv. 
The cross-ideee n is sernred ]iy nail^. 
driven tlie side-boards int(* its 

eiuls, as ixip. In Fig, (t, \vhi(*h represents 
the seat at tlie stern, the ei’oss-pieee i is 
fasti;ju*<l in tlm same manner. Tliev<‘ is 
a cleat at k. The seats in both bttw 
nnd stern are about 3 in, l»elow tht‘ 


edges of the^ tide-hoards. Saw oti a 
seat-hoard 3 It. 10 in. long. 

Invert the boat and fit a piece of 1 in, 
board, n, Fig. L, upon its edge, at tlie 
stern, upon and perpendicular to tin* 
bottom. It is fastened at g by a screw, 
between g and m by nails driven into it 
through the bottom fr<mi the inside of 
the boat, and ]>y the strip m of the 
Kline thickness, nailed on the end of u, 
and crossing the stern-]>iece vertically, 
to \\hich it is screwed. 

A J-in. lude is bored tlirongh the 
sfcni-]>iece at f, Fig. Id, through wdiich 
the paintiT, 10 ft. long, is tied. An 
iron strajy, sliapcd like tlie double line 
in the same figure, is screwed tty the 
cutw ater. 

TIic projior length for oars is nlnnit 
7 ft. 


r 


edges of the side-boards, and the seat- 
b'lavds are lengtliwdse. 

AVe arc no>v ready for the “upper 
streaks,’* as they arecallotl. ‘fwo strips 
are cut lli ft. S in. long, i3 in. wide, ami 
1 in, thick; two notches, eacli in. 
hmg, and lujarly 2 in. deep, arc cut in 
the up]>er edge of each sido-])oard, 
Fig. II, They are 3 in. apart, and the 
point midway between tliem is ft. 1 in, 
fVmn the stern, measuring on a straight 
line in the middle of the boat. All llie 
longitudinal ine.asurements hereafter 
given are upon this Hue. 

The u]y)>er streaks are now nailed on 
the outside of the side-hoards even wdth 
the upper edges of the latter. The 
joiut made by the upper streaks at the 
bow is show^i by Fig, J, in \vhich (( is 
the stem-piece, d the side-hoards, and c 
are tne iipper^Btreaks. The rowlocks 
are now completed by a short stvijt //, 
Fig. K, stron^^ly .screwed on the inside, 
over the notches. Make tholepins, and 
fit them into these mortises. It is often 
convenient to have another pair of row- 
locks about 2 ft. nearer the bow’, that 


The boat is now caulked, unless 
already rendered water-tight by an 
equivalent method. Nail-heads are 
cohered with putty, two coats of paint 
arc n)»])licd, and the skilf is completed. 

Anemometeks. 

(o) Fig. 353 is a simjde au<*m(ur.ct»r 
tiiat anyone can make ; a isihe ]iics.'.nie- 
j)lat(*,e\actiy fi in. S([uare, made of gal¬ 
vanised iron and Jasteiied to the jiillav o( 
a !<» lb. spring halaiu'c h; the cylinder 
of the halamv being ii.\ed to the vertical 
tube r, which carries the A'ane, &c., to 
till* end of till! iron roil, in balance, is 
attaclied a wire whii'li jiasses over a 
wheel insiile c, shown in drawing, but, 
of course, in the tube, and so that the 
copper wire can go down centre of c to 
tlie weight »ff (/, wdiich must have a 
slit ill oi*t' side run o\er a wire 
soldered inside f; this keeps lower wire 
straight and jirevents torsion. 'flu 
wire is joined uj) in two at tlic bottom 
of (f, ami the two wires should be con¬ 
tinued down to tiie l>ott(»iu. The vane 


wdiet) a person sits in the stern, the 
rower may shift forward to better dis- 
tribuU thenveight, for a boat rows hard 
when the stern h weiglited dow^n. 

Make tw’o clcaU for the rower's se.at, 
wiili their aft ends G ft. from the stern, 
and their upper edges in. below' the 


is of the usual form, but should form a 
balance for tiie otrfer side, and must be 
w'cighted to form the balance n<^esKary, 

i?« euiiifiiuii'vi (41MVI1. iiiLu tilt: 

room in w' dial is fixed- Here make 
a dial lt^i«i. diametov^and divide it into 
30 divisions, each division being a fu'l 
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iiiuh from the next: these ilivisiDns will 
iiniieate pounds, and if yu\i divide tlie 
spares hot ween each into 5 \itu will 
ha\e oYorsliiini^ \ou miuin'. The 


(h) A inulti])lyiri£; anenuifnelei-, .'ij^ 
]>licah1e to the moasureiuent ot tho 
veliirity of air-eiirronts, to inetooro- 
!<»oical nhscrvations, and to the deter- 


niiiiation <»f watortlon, <aui* 
si^t,s of a tube foriued of two 
IriinratC'd rouii'al tuhos^ the 
siiialler cuds (d x\hi<’K are of 
tlie same SVea (Venturi's 
tubes). In tills tube a mueU 
smaller one *»f similar ecjn- 
'’tnirtion is placed, as shu^vn 
lu hiu;- b,")-!. if i;reat4‘r deli- 
rary he required, a third may 
)»c; juldcd, the wMlole svstem 
heinjj recciitric. ihn')). 

'J‘ho eou';trirte«i pait of the 
outer ronipound tube is siir* 
r<mnded hy a liollow jacket, 
and connected with it hy the 
small interval wdiich sepa- 
lates tlietwo truncated cones. 
'J’liis jacket is in coiiiu’ctitm 
with a w ater-thermoiueter, 
xvliich indicates the velocity 
of tlic current t« be measure*/. 
This arranirement for a sinirle 
compound tube is shown in 
Fig. .’15(5. The utility of tin’ 
Simple anomometor. instrument dcjfends u]>on the 

fact tliat in sii<*h a ('ase, as 
centre wheel lias a groove, and its <‘ir- shown in Fig. 'loO, the reading of the 
cumference should be exactly the length nmmmieter attached to the jacket is 
of the rod in balance, or ratlicr tlie 

length from 1 to 9 lb., every pound 35 L 353. 3:i6. 

giving 4 lb. on dial. Now iix at the 
end a thin "wire or watch-chain, the ' 
latter would he better, the old chains : 
used in our grandfathers' verge w’atches j 
—this, hv the bye, must he connecttMl | 
to iipjior as well as lower wires; to tlie 
liottom one then liaiig a weif^lit just suf- 
tieient to keep finger in ]dace. Having 
all done, get another similar balance 
and fix it u]i against dial-ptute, letting 
it mark 1 lb.; tliis will ]>c 4 lb. on dial 
down heJttw; mark this on the dial; 
then let upper balance be pushed on to 
2 lb., mark 8 bulow^ and so on till the 
wludtift dial is niarl^ed, then divide and NuIUplytiig aneinoiu>-ter, r 

mark pounds. You may go over this 

agaic and again until have care- several times that indicated by 
fully matked tli/» dial, and y<jur ane- manon.ujter at the orifice of the tube. 

mometer will be finished, J. L.) The former is of course negative, whiltt 
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lattt^r ifi jxjhitnr, Tito relation 
lictwot'n llio t\wt may ho, fia* i‘\am]»lr, 
it : I, h\ ail iiisfrumont ronsisting of 
two nin)]ioinHl iulpc's?, ami in ono of 
lliroo iulioK, tho readings wore relalecl 
to tlm.se at. tlje »trilire in the projiortKtiis 
L'fi; 1 and 80: 1 ri'siiortivelv. The in¬ 
strument is f*im]»h% rigid, jtttvtnble, and 
inexjiPDsive ; it aHord^ a eherk on tlie 
Koiitilating aj)|»ariitus of mines, and hy 
.1 simpie cdmkwork arraiitretuent could 
he made to iiidi<Mte delectivo ventila¬ 
tion; lastly, its innltijplicd rt‘adin^ ron¬ 
dures tt) irreat ac'curarv. 

9 

Angles, IMeasgiung. 

A .siiu|de moans of measuring angh*s is 
shown in Kig. 357. The hoard a usuallv 
of tleal, which should he about 15 in. 


as 7. 



•Mea uring angles. 

sijuare, underneath it has screwed on Xo 
it in the centre a brass boss, which lirs 
into a similarly shaped recess ;n tiie. 


wrtodrii head ^»f a fohling tripod st-nd. 
A hra’^a riamping .'■new ]>!is.'.e.s from 
heli»Av through a hoh- in llie centre of 
f)te tripotl liead, and screws into Uu* 
hr.iss hoss on th«» h<iar«l. liy this iiumu.^ 
the hoanl, or jplaiie lal»le as it is here 
fermetl, ran he smoothly turned round 
' hori/.ontally into any jiosition and 
seriirely clauipeil then*. 

1 t)n the lop of t)>e hoard i.s jmsted or 
I glued a cardboard protrartor Diesc 
]»roti*:irtorH are about 12 in. di.iinelei, 
and arc gradu.it(‘d t<t -J degrees, and can 
he houglit for a small sum. Tare 
simuld he taken to attach thi** tlatly to 
the lioard. 

Tlie ne\t c.ssential is a siglit-mle f\ 
Tills ronaists of a tlat piece of some hard 
wood alitml I.*! in. long hv in. wide, 
and ]-* in, tlnck, having one edge 

hevulltMl. On each end is titted centrallv 

» 

a brass sight-\ane—oue </ liaving a w ide 
slot through its u]»standing part, down 
the centre of which is fitted a line wire 
or hair; tlie other chas a line slit down 
its centre. 

To measure an angh* hetw'eeu two 
ohjert.s, the ])lanr table is set up a.s 
lr\el as jHissible hv eye, the sight rule 
In placed across the centre of the pro¬ 
tractor, and pointed in the direction 
of the left-hand object, tlie eye being 
apjdicd to the slit in c, and the wire in 
(I beuig brought into coincidence witli 
the object, tkire must be taken tiuit 
file bevclleil cilge of the rule lies nearly 
ov'ei* the centre of the piotraetor. 
This is easily en^ure^l hv' phudiig the 
linger or the unciit eml of a pencil 
touching the centre jauiit, ami using 
this as a i>iv<»t rouml wliich to turn llie 
rule, Thti graduations of tho pro¬ 
tractor cut by the bevelled edge of tlie 
rule are tlieu read at each end, and 
their moan is taken as the true direc* 
tioii of the object. A similar obser¬ 
vation is tiien taken to the right-hand 
(phjoct, care being ^Iways taken to use 
the mean of tho readings at each end oi 
the rule. The di®*rence l)otw\H?n the 
readings to the two olijects give the 
j angle roqui-**!#. *» 

! A mos^ .'♦uriiri''ing 'iegro<>ftl jiccuraey 
j can be oU^ined by ihe^ use of tins 
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;^ini|i]e iiistrumeDi by UTpeatiupf tlio 
obiser\'ati<nis on a diftbront part ui' (ho. 
t;rad nation. It is, in fact, a very fair 
theodolite without the telescope. 

If a magnetic compass is used in con¬ 
junction with the plane table, and by 
its means the table and jirotractor be 
turned round and set magnetic iiortli 
and south, accurate magijetic hearing.’^ 
of olijects can be obtained with equal 
facility. (0.) 

liAllOHETBRS. 

(1) To make a clieaji. Obtain a 
straight tine glass tube, about :j:i in. 
long, and witli a clean interior, sealed at 
one end, and liaving an evci* uniiorm 
bore of about lines diunu'ter. The 
lacrcurv to be used should bo per led ly 
]»ure, and free from all air and moisture, 
'riiis latter requisite may be assured by 
heating tlie mercury in a porcelain dish 
to nearly the boiling-point, ])revioua 
to using it. The tube is then held 
.securely, with tlie oj)on cud ujq>eriuust, 
and carefully filled with the litjuid 
metal. The 0 ]>en cud of the tube is 
then securely covered with tlie finger, 
the tube is inverted, and the ciul is 
c(»vered by the finger jduuged below 
the surface of a little mcnuiry placed 
in a small vcs&el to receive it. Tlie 
finger is then removed, wlien the mer¬ 
cury in the tube will immediately fall 
to A Jovol of about <30 in. above the 
surface of that in tlie small reservoir 
liclosv. In order to attach the scale 
correctly, it w'ill be necessary to com- 
)»are the indications witli those of some 
good instrument. 

(*.2) Exhaustion of tubAs without * 
application of beat. The defects in¬ 
herent to the methods at present fm- , 
ployed for exhausting barometer tubes 
induced Klobnkow to study the various 
methods, especially that of Bogen, 
adopted in meteorological ohservatoric^. 
By a modification of the latter he suc¬ 
ceeds producing »'i complete vacuum 
by means of a mercury column without 
applK'’tion of heat—B<f||wt’s method. 
A wcll-dr/l‘\ bare meter tubfe V/charged 
with pure uurcury, the in^Irisoned air 


is removed by shaking, and the orifi(^ 
is closed with the finger ; it then is in¬ 
verted over a mercury trough, partly 
immersed in the metal, placed in a 
vertic'al }>osition, and the surfdiiH of 
mercury allowed to escape. Tiie tube 
is again closed by jiressiiig the fingi*r.> 
on to the open end, br^uglit in a hori- 
zontal position, and genl'ly shaken for a 
sliort time. After a portion of the air 
embeddeil in mcreurv has entered the 
vacuum, the tube is transferred to the 
trough, manipulated as before, and the 
operation is repeated twi^.e or three 
tunes till tlic mercury is fretd from the 
adhering air. When the section of the 
tubing is reduced to tliat of a capillary 
lube, the filling with menuiry by this 
metliod is impracticable ; this difficulty 
is overcome b}' the following ii]odjfi<’a- 
liou. 

Tlie barometer tube I* lieing filled 
with mercury iu the usual way, is con¬ 
nected by a rubber tubing of 2-15 in. 
litug to a gla.ss tube, ojicn at both ends^ 
of tlic same diameter and length as h] 
tlio tubes are ])Iat;ed in the position as 
shown in Fig. 358, and a is filled wdtii 
mercury. C’are being taken that no air 
nunains (‘onfined in the bend c, a few 
taps shouhl be given to the rubber tub¬ 
ing by the hand, or jiresseJ by the 
finger with ^ufilcient force to cause the 
emission of a few drop.s of rnercury. 
By introduction of an air bubble into 
the tube </, and ]>artial closing of the 
orifice with the finger, all air confined 
in the rubber bend is ex])e,lled by com- 
))rcssion of the rubber. Vhe compres¬ 
sion being nmintained for a few ^conds 
till a siiiall jiortion of ftie mercury has 
been forced out ami the tube liermeti- 
cally closed, when the tlosed end is 
immersed in mercury, and the finger 
withdrawn from the orifice, Fig. o5‘b 

The following operation consists in 
the formation of a vacuum :—By rais¬ 
ing the barometer tube 5, Fig.360, it then 
is lowered while n is moved in a nearly 
vertical position, Fig. 361, which causes 
a inigratiou of the previously produced 
vacuum fg to the opposite portion hi 
of the.tube. The exhaustion of the 
tube is repeated twice or three times, 
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.ir»*i!i£r whifh tlic tube ib fjeatly inovod 
until tlic chnraeteristic Hoitud of tliu 
inotiil, oil lowoniig and raising; of thv 
tube, bef'unies audible. After eoinjileto 
rxhauKtion, the tubes are diseoimeeted, 
b ih closed and inmiersetl in mercury. 


of the fine ti,\bc bein;^ (»pen, the ex* 
jiaiuied air pets out throupli this end. 
Next, before th air has had time to 
cool, jilnnpe th- open end of the lube 
be)4n\ the surface of a vessel eoniainiiit; 
inereury. As tliis air cools it sbriuks 
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Tlic charging of a with mercury is 
ellected by means of a small funnel, 
Fig. 358, and a complete exhaustion of 
the tubing is attained within 20-30 
minutes. 

The method, is applicable to siphon 
and cistern barometer, and can also be 
M^eil f(«r the exhaustion of capillary 
tubing ; the empfRyment of an air pump 
and ni'plicatioi^ of heat in exhausting 
the latter will greatly accelerate the 
^Hieration. The nianipnlatioiis which 
the method requires arc simple; they 
can be performed with good results by 
]>e.rsons unaccustomed to experimental 
work, • always civing an excellent 
vacuum. 

(3) How to fill a tul>e with quick- 
silver. Having got the lube which is 
open at one eml (narrow end), heat the 
bulb in a flame; in doing tliis the air 
jn the bull) evpands; but the other end 


into less iiulk, and tlic jn'cssurc of tin' 
air from without drives the incrcurv to 
occupy the vacant space. Fart of tliis 
mercury will tlierefme be driven into 
tlje bulb. AVc next take the bulb with 
the meivnry in it, ami heat it well 
al»ove the tliinic td' a lamp, bull), tube, 
and all. Tlie mercury will soim begin 
to boil, and its vapour will be driven 
ontj .and th.- air before it, until bulb 
and tube w*ill both be tilled Avitli 
vapour uf mercury. When this i^doiic, 
we jilunge the ojten end of the tube once 
more into a vessel of mercury. As there 
is only va|»uiir of mercury in the tube, 
when this cools it will condense, and the 
mercury in which the instrument is 
plunged will go into Jtliu bulb aiuUtube. 
and it will bo filled. Be very caref* I 
not to iiilwfi^ the menf<iry__ 

(K. W.) ,p * ^ O' 

* (^) Appl>sjition of Wri^oht’s app.v 
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ratiis tor diNtillinq*, to ^hc filling of 
l»anmi(*tor tnl»es. In Fig. a is a 
vesst'l full of impure inerrury ; a tube 
about 81) in. long ; r an cnlargeinont of 
h\ fl and C tubes inrlined in opposite 
ilireetions; / an arm for roiinerfing 
>\iU» a Sprongel jxiiiip; g a tube a 
little over 80 in, long; A a reservoir 
Avifb an outlet to tiu* air; A is filled 
nith pure incrcury, 


3C2. 



'I'he air is now exhausted throngli /; 
the mercury rises in h tMu\,g until c is 
irtially filled; a Uunsen burner is 

' distils 


^ iMAJi’Y IV a/V SaAl3\^J %t% M J WIIVAA 

meant of a short r^ibber tube this cock 
be connected with tlie open end of 
the^^•'ammeter tube to ^;./iiled, wliieli 
latter \Vilti,.take iJie general position of 



'fbe rubber tube must be covered 

with melted sealing wav. The impure 

morcurv in should first bo waslied iti 

acids and dried before introducthm. At 

tlie beginning of operations, a is full n| 

impure inorcurw hut the rest of the 

ap]».'iratus contains only air. The 

Sprengel pump is se^ in motion and 

gradually exhausts the air from \ c, d, e 

and the barometer tube, until no 

bubbles can be seen in tlie running 

mercury of the Sprengtd pump, ami 

until the sharp click is heard when the 

ilrops of inereiiry fall. The tube f is 

j then sealed or a stop cock ijfit is turned, 

i cutting off the Sprengel pump; tlie 

Bunsen burner luidor c is lighted, and 

the inercurv will <listil over into the 
¥ 

} 1 avometer tube, wliich will thus be 
liiled without allowing tlie mercury lo 
emue into direct contact with the air, 
Tlie barometer tube shnnld be con¬ 
stantly watched in order to detect any 
air bu)»bles that may be carried over; 
when seen tlicv must be cooked out )»v 
Ijeating the tui»e sligbtlv liv means of a 
Bunsen Imrner. When the barometer 
tube has become filled W'ith the mer¬ 
cury, the cock at .r can be closed, the 
sealing wax is broken, and the tube 
replaced by aiiother. (F. Waldo). 

(,*>) (.Meaning barometer tubes. To 
clean the tube of a film, &c., get a piece 
of iron wire and fix on the end of it a 
piece of wash-leather. It must be very 
line wash-leather, cut into narrow 
strips; wrap the iron wire from en<l to 
end, leaving a tliicker piece at the e!ul 
to tightly iit the tube. * 

(Mean with warm water, so^, and 
.‘loap - jiowder, afterwards witli cobl 
water, using the covered wire all the 
time, of course rejdacinjJ the wet with 
dry leather to finish. If the wire is no^ 
covered, the tube will most assiyedly 
break, if not at the time, certainly 
within 48 hours after using the wire, 
('lean the incrcury with nitric acid and 
water, say, for 4-blb. of mercury, 4 tea- 
spooniiils of acid, and 20 tOaspovnfuls of 
water; put the whole into a soup-plate, 
and put it in the oven or before the fire, 
and heat up to about 140*^-150® F., 
stirring it at intervals until the acid 
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forms a tjort of a pouil«r or refuse ou 
<^ie top of tlic ineiTury- Wlmn cuh!, 
run the nieiTury through a fine ]»a]H'r 
eoiu* a few times, and then it is iit for 

((i) Use Joulilo e(»hton-(’over»*d eopjM'r 
wire, siu'h as is used for eleetrieat pur¬ 
poses. With simli, 1 liave never broken 
a tube. Tbc imiu that suggested surh ' 
to me Was a most ingenious form of 
diamond for cutting gaiige-iultes. It | 
was a sliort metal rod covered vitlij 
cotton witli the diamond arranged at '■ 
one end. Au adjustable stojt at the end | 
next the haUd gave the length rerpiiieil. ; 
lly inserting it in the tuho and gentl\ ' 
turning it with the diamond part against 
the inside of the tube, the inner skin j 
was cut through and the luhe easilv 
parted. It wa.s found in ])ractice an ] 
advantage to sul>s<»<jueufly anneal the , 
cut eiul. 'fhis gave me the idea of 
using a metal rod with t»afefy to clean a 
tube with; and, ns already stated, J 
liavc never liad a siunsb, lint I need 
'hardly say I iiever atttmiiited to force in i 
too tight a Avad of washleatlier. On the j 
contrary, it fitted very loohely. | 

O) Siphon barometer. A fev 
words must first Ihj said regarding th* 
selection of tbe glass tube, as on its 
litiie.^s for the ])urposc the iustrumeiitV 
future excellence w'ill A'orv much 
depend. Ordinary white, easily fu'^ible ^ 
glass tube should not be used, as the ; 
mercury is apt to attract its o>itIe of 
lead, and not only become imjmre, but 
by adhesion to the inside of the boie 
hinder the frf*e 0 K<'i 11 ation of the baro¬ 
metric^ eolumn. The jiroper kind of 
tubing is that Ailliicli show's a greenish 
tinge in the glass when looked at end¬ 
ways. For eUlher of the instruments 
Hhown in Figs. 3t)d or 3G4, it should not 
lie l{^s than in. outside diameter and 
J-in. bore ; and if slightly larger may 
still bo used with advantage. 

^ For the siphon barometer, Fig. 3G3, a 
I'iece of tube about 38 in. long is re¬ 
quired* This is to bo well cleaned by 
running,through it plenty of warm soft 
water, while at the same time a little 
swab made from a ]>iece of soft, fine 
liiun, tied in the middle of a 091 d,):? 


::C3 3CI, 
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Siphon and dston barometers.'^ 


]tu 1 led tlirawj^Jl the* bore rfrom end t# 
end. Afi;^'.>the waterthas (IrainA<S»’oiit, 
alcohol, in'^liich precijfitat^ Tchalk ia 

^ S'i K 
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Mispoiuleil, should be ap})lied to the 
insule by nieaii^ of the bwah. A <'lean 
swab, moistened witli alcohol, \vill 
remove the particles of chalk, wlien, 
the cord being withdrawn, distilled 
water is to be poured through, after 
A\h]ch the tube must stand in an nji- 
riglit ])ositiou till it has draine<l per¬ 
fectly dry, a little cap of paper, ineau- 
time, being placci] on its uj)per end to 
exclude dust. The inner surface t)f the 
tube must tinally be polished wtth a 
small jdecc of soft washleatlier fixed on 
tlie end of a clean, hinooth brass uire. 

The tube thus cleaned and <iried is 
now to f»c closed at out* end by drawing 
it apart in a gas llaiiie about 2 in. from 
tlift extremity. The narrow pointed 

end, which forms when the tube is 
drawn asunder, should be pressed and 
rotated in the tlamo till a substantial 
and \\<‘ll-r<)uuded closing has been <>)•- 
tallied. About in. from the scaled 
extremity a y-shajied bend is to be 
made, (^ire mu.-.t be taken to make 
the curve a graflnal one, as f.tilure in 
this resi>ect would not only'mar the 
appearance of the instrument, but 
might also tend to narrow the bore and 
make the bend a weak jxdiit. The are 
of the curve is to be 1} in. The longer 
limb of the si]>hon is thus in. long, 
and the shorter one about o in. The 
short limb is not to be bent down ipiite 
|)arallel with the longer one, but should 
make a slight angle with it, to render 
the subsequent introdiw tion of the mer¬ 
cury more easy. The tube a is to have 
adapted to it a supporting stand 6, 
which may be a piece of dres.vd walnut, 
34 in. long, in. wide, and aliout in, 
thick, rounded off at the top, and fur¬ 
nished with a brass screw ai 1 ring for 
hanging up, A .sliallow groove, curved 
to correspond with the bent tube, is 
made on the wood. The 3 small brass 
edasps c, provided for attaching the 
tube to its support,^may be readily cut 
from slieet-brass, polished, bent to 
sliape, and drilled >'ith a hole iu each 
^end to receive th** appropriate small 
screws; The slidiif^-^jale sujjport 
d is*a ::}io of che. ry or inahftgany, I in, 
wide, ill. thick, xind in long, 


liaving two longitudinul cuts I iu:idy 
therein, through which pass the screws 
/, which fasten it to the walnut scale 
and allow of its motion upward xiud 
dowiuvavd. These screws may be of 
bra&s with milled heads, or a cheap and 
excellent substitute may be luund in 3 
bras.s buttons with screy-stenis sold for 
fastening carriage aprons, Tiiese are to 
have their stems passed through the. 
lougitmlinal cuts r, and s<‘rewed into 
appropriate holes in the walnut sup]>ort 
till theii projecting shoulder-^ bind on 
the scale support and ])rcV'*nt it from 
moving, except when reipftred. Tlie 
bottom k of the sliding scale support U 
a ]iie(*e of sheet* brass cut to shajie and 
attached bv two small rivets or screws. 
Its angle or coriU‘r i is used as an index, 
as will afterward be explained. A 
scale k made of a jiiece of ivory veneer, 
4 in. long and about 1[ in. wide, i> re¬ 
quired for the upper end of the sliding 
support. This must be carefully and 
aci’uratelv divided into iuclies and 
tenths, the lowest iucli mark being 
numbered the next “30,'* and 

tiie upper one “.‘U.'* It will be well ti> 
hxLve tlic figures and lines done bv an 
engraver; but, if economy lie a coii- 
hideratioii, tlie markings can be very 
xv(dl ruled with a fine pen, and after 
tlie ink has dried a coat of tliin dammar 
varnish \^\^ protect the lines from 
injury by moisture. The ivory scale is 
now to be fixed to the sliding support, 
with the u])])ev end of which its to]» 
exactly corresponds. If tlie measures 
have been correctly made, its 30-inch 
murk will now be situated exac|. 30 in. 
from the bottom of ^he brass index. 
An excellent cement for attaching the 
ivory to the wood is idade of a little 
isinglass dissolved by heat in equal, 
parts* of alcohol and water, ,/rhc 
walnut supjiort b should receive two or 
three coats of copal varnish. The 
clicrry wood slide d may cither be 
finished with boiled linseed oil or var¬ 
nish, according to taste. 

All parts of the insti»umGqt being 
thus fitted, it only retnaiua to intro¬ 
duce the mercury. For this pnrjiosc 
the tube a being detached from the 
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.‘^iip]>ort, is piuced upon a levol tablo and 
Mistainod by small pi<'Ct*s of wire, s«) 
that the short Jinib is ii])]>ermo.st, the 
long limb lying flat upon the ta}>b\ 
The inorcury used should bo as ]uiro 
as possible: though it' fre.shly-distillod 
moi’cury raniiot be had tliat of oom- 
inuree may be UsimIj ]lro^id^‘d it has not 
become contaihTiiiited by lead or kindred 
metals. A fair test ot the goodness of 
'Tliorcury is made* hy dvoj)])nig a little 
into a clean white plate and causing it 
to run about. If blight round ghdtuJo^ 
are fornieil, which readily coalesce and 
leave no tAils fliscolonration on the 
thina, the metal is snllicicntly iniro. 
If, liow’cver, the drojis loTome pear- 
hhajied and soil the ]iiate uith dulb 
metallic splottdies, the metal must be 
rejected. JJofore being used for iilling, 
the mercury should in any case bo 
l'orce<I through small jdnlioles in ajdeco 
of thin c'lmniois skin io remove nie- 
ohanical iinpuritios. Tlie tube being 
tillel, is next raised gently iiit<* a 
•>ertical position, witli its clo'^ed out! 
up)>erinost.. The mercury X'ill dosi’eud 
a I'ow inches, showing the Torricellian 
vacuum in the u]>per part 4>f the iong(*r 
limb, while at the same time it rises 
and <»vertlows from the open oritice of 
the short limb. From the latter, 
enougli of it should he dis]>1aced, by in¬ 
serting a small round ]dece of uood 
into the bore, to leave a couple of inches 
empty. After this it only rennins to 
(imsU the instrument by atfuohiug the 
tii))e (I to its support with the hra^s 
clasjis r and Sorews. A narrow strip of 
green surface paper, 4-5 m. long, 
slipped behind^he upper part of the 
tube W'here the vncuiim apjiears, is an 
iinprovernent^to the look of the instru- 
^ment and an assistance when taking the 
roii^ngs. It will now be evident at a 
glance that by bringing the corner i of 
the brass index A level with the surface 
of the mercury in the short limb, as 
often as an observation is to be made, 
the. height of the mercurial column in 
inches^fond •decimals will at once be 
shown on the ivory scale. 

A small thermometer I fixed beside 
the sliding scale is at once a useful and 


ornamental addition to the barometer. 
A small caj? m of metal or wood must 
be loosely fitted over the open entl to 
exclude dust. (A. F. Alillcr), 

(8) Cistern barometer. The tube must 
be {leaned as alreutly described, and 
closed at one end : but instead of beiiii: 
bent it is left straighi, and cut oil* at a 
length of o2 in. Fig. JJfio shows a section 
<*f the cistern, wliicli is siinjdy a small 
w4Miden cup turned neatly out of hani 
wood; its outside dimensions being Ij 
in. diameter and 2} in, liigli, and the in- 
sidi‘ (Mvity iM'ing \\ in. dianicler and 2 
in. dec]). A cut nm<Ie with a fine saw 
;il<mg llie line ft separates tlie undt 
neath jiart of tlic <'istcin as a Miiali 
\v(»odeu ring, to the hotloni of which 
must he glued a piece of stout wash- 
leatlier made loosely convex so as to 
bulge readily inward and <»ntward, 
iorming'^ tlie cistern-bottom and sn]>]>l>- 
ing a movable surface on which the 
atinosjdieric jiressure is t«» act. A hole 
c in the <.losed top admits tlie pipe 
wliich passes down into the cistern till 
its end is level with the line of divi.sion 
•ty and is secured in ]>lace by being 
cemented where it goes through tlic 
wiumI of tlie top, A small lude c for 
adjusting the height of tlie inereury U 
made J in. beUnv the closed top of the 
cistern, and stopped for the time with a 
little wtioden ]>Iug. 

The filling with pure mercury is to 
be done as already des4-ribed in the cu.se 
of the si)>hon,except that the tube may 
now be ]>laced in a nearly vertieal jmsi- 
tiuu with Its closed end downward ; a 
.small straight funnel is to be u.sed for 
pouring through. The cistern, which, 
owing to the position of tlie tube, is 
also to receive as much incrciirv as will 
fill it to the edge tiy after wdiich the 
ring-shaped }iiece, bearing the wash- 
leather bottom 6 is coated with glue on 
its sawm surface and pressed on in place, 
so closing the cistern. As soon as the 
glued joint is firm, the tube may be 
turned up into proper position by 
placing the finger on the washliMither 
bottom, Hnl^^^fe8sing it inw'ard till tiie 
orifice ol* the tube ih felt, Avheii the 
w hole is qV^ckly inverted. Thus no ai,: 

^ » E 2 
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enters the tube during the moment of 
turning over; and as an ifistant later 
its opening is covered by the mercury 
of the cistern, the vacuum is now 
Necured, ('are should be taki*n, how¬ 
ever, never again t() turn the cistern 
liottom upward. The tube being now 
in u vertical position, tlie level of tlie 
inei'cury is adjusted by removing the 
jdiig from the hole c when the super- 
^uous metal esca}K\s and the c<duinn in 
tlie tube descends, leaving the vacuum 
above. The ]>lug is then to Ihj rein¬ 
serted and glued in jdace. 


[ covered bv a small turned button / of 
bone nr woo<I. (A. F. Miller.) * 

(0) There is no occasion to wash out 
I barometer tubes at all if new, and old 
sliould on no account be used; the only 
cleaning required, and all damp inside 
I the tube must be avoided most carefully, 
as it is almost impossible to dry it after- 
I wards, is a clean bunch Ci cotton on end 
' of a string ]Kissed through the tube once 
i <n’ twice, <ir swab of linen. On 
1 account pass un'/v of any kind througli 
' glass tubes, as if you do the tul)e will 
infallibly break in a short time. The 


The stand (wdiich it is well to make 
and lit to tlie tube before the latter is 
lilled) is shown in Fig. :b;4. It may iu: 
of walnut, mahogany, or cherry, and its 
general style and iiiitsh must depend 
on the taste of the maker. A shallow 
groo\c down its centre receives the 
tube /, and an oblotig cavity at the 
bottom admits the back of the cistern, 
while its front may In* covered with a 
hollow ornainental turning (j ns re]»re- 
sented. The scale A, which in this case 
shonhl be r> in. long, may be ruled on 
ivory as already suggested, though an 
instrument of this description is really 
deserving of a well-made eiigiavcd 
scale, with a vernier giving reading's to 
the hundredth part of an imdi. Such 
a vernier i is a narrow piece of ivory 
1 ’ in, long, provided with a groove to 
receive the inner edge of the ivory scale 
along which it slides next to the tube, 
a hollow being cut in the wood of the 
stand behind the scale to admit of its 
motion. It is divided into 11 equal 
parts by 10 horizontal lines nuiiiLered 
downward from 1 to 10, cacli of the 
diviqons measuring theref(>re --^oj, 
in. The 30-in. line of scalt^ is to he 
]daoed exactly 30 in. above the centre 
of the hole e, which marks the level of 
the mercury in the cistern. It is best 
to affix the to the stand by little 

brass screws. A small theruiomuter A, 
opposite the liaromdter scale, adds to 
the e]c(;ance and efl^iency of the instru¬ 
ment. A slip of ^reen surface paper 
si^ould be passed in the ^fve behind 
the tube before tjie latter fixed in 
place. The top of the tube 'should be 
< 


longer limb of the .si]»hon iitv^l only be 
3:i in., as tlie range of barometernever 
exceeds 31 in. The extra length re]»re- 
sents a ternhly c.vtra weight of mercury, 
and as that nictal is very dear, a good 
many ])cnce are saved. Tiie mercury, 
if bought iVoin a respectable lirni, \> 
quite jiurc enough witlniut being dis¬ 
tilled, hut on nu Hiicount must damp be 
allowed to get to it before being placed 
ill the tube. The best w'av of filtering 
the mercury is to take a idece of wri-i 
ting ]iai>er and well dry it before a fire, 
then twist it into a cone with a very 
fine hole at the bottom exactlv like the 
grocers do u)> sugar in ; a little knack 
is required Ibi this, but will soon be 
acquired. Now comes the w^irst job of 
all, the filling, 'flie usual method is to 
shake it in, but it is a most difiicult 
thing to describe. The proper way is 

to introduce an inch or tw'o of mercurv, 

• 

very gradually w'ann the tube, and boil 
the mercury; allow it to cool, and add 
anotlier inch or two; waim, boil, and 
allow to cool; and so repeat till full. 

Hut I have never seer a siphof* tube 
boiled; the air is thoroughly shaken out, 
until, when the tube is slightly inclined, 
the metal strikes the top of the tulic with 
that ]»eculiar click w'hich shows all, |iir'^ 
is expelled. 

If amateurs take my advice, and do 
not boil, they will save IhetnBclves a 
good deal of trouble and loss, as very 
likely 3 or 4 tubes wdll fly durin'g the 
boiling. Thus there is loss^f and, 
what is more expensive, mercur;^ ; and 
I will promise that if the air is well 
shaken out, the tube w-ill read wdthla 
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biiroinrter. Of* 

(nurse these remarks do not apply to 
pediment or standard iustriimeiits. 

The wooden eisterns are screwed, and 
the leather is laid on the hottom, lieinij 
rut to fit inside the jlange, ^ow fasten 
tiie tube iu the top, the end of the tube 
heinij level wir^i tlie bottom of cuji-liKe 
depression in upper part of ri^tt'rn. 
When fastened, lill the cistern with 
^ mercury u]i to level with top oi mp, 
part screw on ladtoin with the h*ather 
previously fitted, and )ou will tind it 
serureb' l\jhl between the two surl’ai es 
of the wood, filiie a slip of papor round 
outside of joint, and it is finished. There 
need iu»t be anv hole inside if done th,. 
way, and tlierefore no i;lue used tli.it i.s 
at all likelv to toucli the int^curv, as 
if tuice damp gets iu the instrumeul is 
I Mined. 

(10) The vernier slinuld ho 1 in. 
long, and thi.s should lie divided into in 
e(|ual parts, each part would then he 
cijual to ill. hy of in., that i> 

• to s;iy to ill. by in. or in. 

(11) Camphor liarumeter, or Storm 
ul.iss.” It was disco^ere(l hv mil* an- 
lestors that the height of tlie undis- 
soiled cam])horin a camphor bottle wa.s 
diiTerent in difl’ereiit states of the 
weather, and it became quite customary 
to keep a camphor bottle in sight, in 
order to anticipate the change in tJio 
weather, it being thought that an in¬ 
crease in the height of the camphor 
indicated approaching rain or wind. 
The invonitVi^' genius of our age could 
not long allow the instrument to remain 
in tliw crude ftjjni. The cainj)hor * and 
alcohol w’ore put into long glass tubes 

^lernietically^ealed at the top, and ad¬ 
justed in a triune w’ith a thermoineter 

• attached. The side of the frame next 
tlf^.'tuhe was divided into three divi- 


stafed that, tin* weather was indicated 
))V tlie word iu the division with which 

V 

the to]) (»f the chemical sulistauce corre¬ 
sponded. It also stated that.the direc¬ 
tion of the wind was shown hv the 
sulstance being a little higher on the 
opposite side from which the wind came. 
These were inHnufa(‘ture4l and sold all 
t»ver our country iilider the name of 
“Storm Cllasses,*’ or “Chemical Baro¬ 
meters.” One firm, ad^ pted tfie name 
of “ Signal Ser\ ice Barometer,” and a 
number of ]K‘ople in ]msse''sion of the>e, 
instruments really tliink tliey ha\e one 
: (d* the genuine barometers whicli tlie 
Signal Sor>iee use in its jiredictions. 

Tlie fai't that tlie inamifacturersInne 
heruictioally S4'aled the top of the tulles 
fortunately assists in an investitjafion of 
the cause (»f the iiisti umoiit’s aition, for 
it IS evident at (une that the content^ 
of an impermeable, air-tight vessel *>1 
glass can neitlier he .afVe,ot04l hy vaiia- 
tions in the atmospheii** juesbure nor 
im'istiire. That liglit is not the cause 
of its actiem 4*an be easily show'n, for the 
chemi<*al substance varies in lieiglit in 
the dark just as it does in tlie light. 
Neither can its changes be due to the 
action *d' the electricity of the air, fur 
the changes of the tube take jdace 11 e 
same in a protected slielter ns they d4i in 
the open air, and the electric potential 
inside of a shelter is alwavs zero. We 
turn to ihanges of temperature f4»r the 
(‘ause of its variations, and tind a nnist 
satisfactory explauatitin of its action. 

I If it is winter, one can easily cmivincc 
' himself of this by taking the in.stru- 
I ment into a warm room. If now tlie 
‘ instrument he hung out of doors, tie 
• ]ircci]iitatc will iu a little while iin'ieast* 
; greatly Bi quantify, ami if the diller- 
ence <if tem]ioratine in consi4lerahle, the 
' alcohol iu the tube will he tilled from 


sinus. On the l>«>ttom one was markeil j 
the word ‘‘ Fair,” on the middle one 
“ Chiingo,” and on the top one “ Storm.” 
A note accoiii])iinyiDg the iustrument 

* Ot^er ingf‘(dieuts lx*sliles tbc camptior are 
now included. I find it stated that two Y)ait0 
camphor, one part nitrate <»f potash, and one 
part sat 2inimoidac are put into the alcohol, and ^ 
a little wan radiiod. 


top to bottom. 1 have a tube on whudi 
I have divided flie length fiom the top 
of the alcohol dowai to the bottom into 
ten parts, and tliese again Into te^iijMrts, 
so that 1 can read the height of the 
precipitate at^ny tfme in^hundredthsi.,*’ 
the great^t height to wdilch it is 
possible Cov it to exi^nd. March 2d. 1 
found the\nstr\iment ha^igiug iu my 
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room read III on the scalcf^temperature 
iusitJe of room 7^5^, outside 37^, 1 

jilat’ed the instrument outside, and in 
two tniiiiites little stars began to form 
at the side and to move down toward 
the bottom and up to the top again in 
the centre of thetube. These continued 
to increase in si;^e, and in b minutes the 
alcohol was about J full of tliem. As 
these iiicreasetl and tlie circulation of i 
the liquid Ijecinie slower, they began in j 
accumulate at tlie bottom and some- | 
what at the top, until in iniiiutes 
the alcohol Avas full from top to bottmu. 

1 brought it inside the house, and in a ; 
tew minutes the ]>recipitate begau to 
take on a more attpnuatn<i a])pe.iraui‘e [ 
aufi to slowlv decrease in height. In j 
•JO minutes it read 21 again. Headings 
td' the height of tlie precipitate taken 


every 

10 

minutes 

Avere 

as folloAAs: 

4 :r»r) 


M., 

1*K> ; 

5:05 

1*. M., 0:i; 

.5:15 

r. 

M. 

HO; 


r. M,, 50; 

5:5.5 


M., 

21. A 

nothe 

r instrument 


Avith a scale arranged in exa<'tly the 
same manner had been banging outside 
for a numth or two, and read hO during 
tbculiole experiment. Tlie instrnnient 
in my room Avas next ]>ut into Avarm 
Avater. and ! found that at a tempera¬ 
ture of about ever particle of the 

pre<*ipitate Avould disajipe.ir. 

Jf alloAved to remain in the Avater 
Avhile it cooled, little stars or tlakes 
'Avouhl begin to appear in the alcolud, 
and Avlicn it bad fallen to a teinperatnre 
(jf 70” or 7r>”, the alcohol Avould he 
entirely filled Avith the preciintate. If, 
then, the indications of the instriiinent 
are to be relied on, it is easy to get up 
a storm on short notice. 

Sujqiose, when an instrument has 
been carried out of a Avarmu'oom and 
the precipitate dlls the alcohol from to)) 
to bottom, that it is left outside, as \\'as 
floue on the first of January, with the 
instrument hanging outside referred to 
above. In such a c^se, after the instru¬ 
ment has been out some time, the 
coluinh of ]>rc(:ip*i£ate Avill begin to 
.ijiorten, eA'cn though temperature 
rriuaius the same; aim ^It will l»e 
noticed that the IJTdtom presjiiits a more 
compact a]"»jiearanee. AfJ^r about a 


AA'cek or 10 days, the preoipitiite Avilj 
have entirely lost its feathery np))ear- 
ance, cxcejit, perhaps, a little at the 
lo|), and AAill j)resent a c;oTnpact granu¬ 
lated nuiss tilling about half the tube, 
if it is Avinter, and about one-ijuarter, 
it it is summer. If while the iMtlunin of 
j)recij>itate was sliortey'uig there was 
any considex'able <'}muge in temperature, 
there might be some minor OMullatious^ 
in the length of the column, hut the 
whole tendenev wm»uM he downwanl. 
Wlieii tills state is attainel, the pre¬ 
cipitate dissolves very sloivly in the 
alcohol, and the iubtrument*'is capahle 
of going through <‘ousiderable changes 
in temperature without much <'hange in 
the height of the precipitate, d'hus, 
sii]>posein tiic morning the temperature 
A\as 40% and by noon had ri'^cn 50% the 
beiglit of the column may show no ]»er- 
*‘e|ttible decrease, )je4'!iuse the dense 
cry.stal.s di-ssolAC slowdy, and the alcohol 
lat'ks (‘ousiderable of containing .is much 
as it could dissolve at the latter tem- 
jierature ; hut when toward night the® 
temperature again falls to about 40% 
tlii! nearly satnrat€*ii; and, if 

by the next morning the temperature 
b.is fallen to say oJ \ the li()uid aviH 
beiillel to a tousideiable height Avith 
light, feathery crvstals which readily 
dissolve on a rihc of temperature, tfr if 
the temperature remains stationary, 
settle to the bottom changed into the 
more conqiuct granular crystals, 'fo 

illustrate M'oin ohsevAuition—on Januai v 

¥ 

i;>, the temperature in Jthe room ft>r 
about a Aveck had been ranging from 
bout *10” to 70”, and the heigh^of tlie 
precipitate in the inslPuinont bad been 
alnui^t steady at 2.1 on tlie scale, Avheu 
I the tcnijierature in the room on tlffi 
evening of the l.dth fell to 52% antj^ 
light hakes of precipitate began to $ m. 

] knew the \A'as now su]>ersatii- 

rated, an4l any further decrease in tem- 
])erature Avouhl cause a decided precipi¬ 
tation. On the morning of the, 14th, 
the temperature had fallen to^*l% and 
the height of the column 6f prejdpitatc 
Avas 112 on the scale. I observed the 
instrument inside the house and the 
one outside, three times a day during 
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January and Keln'iiary, atid it was aluays 

'i'otiii'l that tlu; htdijjlit of the two 

*■' 

cohinins varied in opj»osite directions j 
wiienevor the teiri]>erature rh:ing;ea in- ! 
side aud outside were in opjtosite dim- I 
ti(»ns. 

I observed the instniiiient three times 
a day dnrinj; tlie whole summer and 
autumn of and then; was never 

an increase in tlie height of the precipi- 
, tale wiliiont a <'OiTespondin^ fall tU* 
temperature, or a decrease without a ! 
^orr(‘Sp(^ndinf; rise ot temperafuic. It | 
will thus be seen that tiie instrument is j 
not a “■ itonn j;la.ss ” or a **'idiemioal j 
barometer,** but a chemical thermo¬ 
meter, and a very poor thermometer at 
t lull. 

I>o its indications hear an\ relation 
to weatlier chnnoe%? ^'e^ ; because 
temperature ebani^es are chj.^cdy related 
to other weather ch.ni'^es. In tlie 
summer under an exteiule<l hut mmler- 
.itely hii^h pres^ure area, oraufi-cyiloiie, 
tliere usually exists heaiitifnl, i’.ur, 
warm, bettled weather, aiul the top of 
the precipitate will be even with the 
division marked Fair.” Wliou show er> 
come on, tlie air turns lool, and the 
I'recipitate. rises to tlie division marked 
“t’h.im^e.” Wlienever an area of de- 
«ided low pressure pass«s over tlie 
< (>uutry, the air is warm in front of it; 
and as tlic centre passes over, tlierc is 
usually a sudden fall of temperature, 
d'iii-- I'uuses the precipitate to rise n|> t*» 
the division marked “Storm,** and the 
wind in such cyidouic sv^lems is aUvavs 

V * * 

hii^h, es*|»ecfally in their rear. In the 
winter the top of the precipitate is 
neai^y al\vay>'jiip in the division marked 
“ <’hanoe,” and as the weather is eter¬ 
nally cliamjini^, I sujijiose it may he 
considered about ri.ijbt. On the I'onf vary, 
^f|ecided nnti-cyclone may in summer 
brint:: cool weather; and thepreeijiitate 
will rise up into the division marked 
“Storm,” ac(‘ompanied by the clearest 
skies aud ilcliohtful breeze^. It is also 
coininon for rains to pass over without 
any tiialevial changes in temperature. 
In such cases the height of the jirecipi- 
tate will remain unchanged, 'fhe in¬ 
dications of the instrtiment are then 


sometimes right, sometimes wrong, like 
tlie negro’s dumb watcli, wliich wc.s 
alwa} s right twi<‘C a day, but, as it gave 
no indicatioiLs of the time when it was 
right, it w^as not worth much as a juat*- 
tical instrument, (11. Helm ('layton.) 

(I'J) fllycerine Barometer. — 'J'Jic 
marked influences of tiie variatioius in 
the jiressure of the atinosjihere upon the 
disengagement of carhureted gases in 
coal mines has led engineers to devise a 
new harttmeter that will not only indi¬ 
cate tlie inot.t minute variation ofatmos- 
jihoric pro-sure, hilt \\\\l indicate it so 
plamly that miners and others not e\- 
jienenced in making liarometrlc obser¬ 
vations can readily detect the varia- 
tions. 

Anuuig the iustrument'i of this cla''S 
one of the movt interesting is tlie large 
water harometer constructed for tiie 
Koval Society bv IVof. Haniell, in IS.’iO, 
which, however, was not. a success, as 
tlie eflects of the pie-suie were annulled 
hy tlic effect of the teinjievatore u]H.n 
tiie \apour found in the Toriicelliau 
\ ai'iium. 

li. Jordan, a memher of the otfne <»f 
the Knglish mining archhes, has spent 
several \cars in studying the ditlerent 
li(|uids that might possibly lie applic¬ 
able in constructing an accurate and 
bighly sensitive barometer, and tinallv 
found that glycerine produced the lie^'t 
rc'^ults, A glycerine liarometer con¬ 
structed by Jordan, 1S70, is still in use. 
Tlie glycerine is very ])ure, and has a 
.specific gravity of l*2b, aud on account 
of its high point of ebullition the 
va]>ours have no perceptilde tension at 
file ordinary temperature, and it will 
only congeal at a very low' temjierature. 
The lieight of a column of glycerine is 
20 ft, tf in,, ami a variation of in. 
of mercury correspomls to a variation 
of about I in. inthecednmn of glycerine. 
As glycerine is very apt to absorb tlic 
m(»istnro nf the air, it is covercl with a 
thin layer of prc^iared thiikcned petro¬ 
leum in the cistern of the barometer. 
Jordan has consft’ucted li.irometcrH for^ 
the Soi^h> Kcitlingtog and Jeri.ivii 
Street Jliiseums;^ both ha\e given 
peifecf v/di-factioii, and to show tlie 
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srieiitiHc v.tIiig of the instiuuieut tlie 

Royal S<H*ietv has built one*at tlie Kcw 

« » 

Observatory. 



Clycerinc barometer. 

• % 


This instrument ij sho^yn in#Fi^, 360, 
and consists of a cylindrical^d.sdprn of 


timiei copiicr, about 6 in. high and 
10 in. diameter, pr«)\ided with a t«er€W 
cover or cap, having a small opening 
leading into a recess containing cotton 
t.) act as iilter and keep out the dust. 
The large barometric tube is made of 
ordinary gas pipe, about ^ in. diameter, 
and is rigidly attached to the cylindrical 
cistern or cup. The upficr end of this 
tulw fits into a jdeco of bronze, into 
\vliic‘h a glass tul)C, ^ in. dianietei antl*^ 
about 4 ft. high is securfdy cemented. 
Tills tube terminates m a cup inclosing 
a rubber jiai-king. tiraduated scales 
[in>viiled with indicators are^ldacod at 
iMcli siile of the glass tube, the one on 
tlie left side indK'ating tlio inches au<! 
tenths of inches, and the right-hand 
so.ile shinvs the C'jnivalent measure of a 
<‘MrreN]H»nding column of mercury. The 
scales are attached to an oaken plank, 
w'liicli is fastened to the wall of one of 
the u)»per storeys of the observatory, 
:in»l the large tui>e piisve-^ dttwn to a 
loom situated 26 ft. U in. lower. The 
gly<'erine in the barometer is coloiirel 
witli aniline re I. liefore putting t)te 
gly<*eriac in the tube, it is boileil at a 
tem}terature of alxmt 130*^ to expel tlie 
air and to make it jmrer. The air is 
exhausted from the barometer tube by 
means of an air pump. Regular obser¬ 
vations are made with the instrument 
at the Kew Olisorvatory, where it is 
considered to )»e a scientiiio instrument 
of the greatest jirecisioii. 

(13) How to make a tJlycerinc BanN 
meter.—A bottle about a (juarter filled 
with glycerine, c<doured re!l xvith ma¬ 
genta or crimson aniline, has a ^lass 
tube of about the dianufter of a pencil 
]ia.ssing airtight through the cork, which 
IS inserted airtight into theljotlde. The' 
low'er cud 4d' the tube dips beneath the 
surface of the glycerine. The bottlf|-»; 
made to contain coinpros-sed air by blow¬ 
ing into the upjier end of the tube. 
Ou renio\iMg the mouth, part of the 
glycerine xvill rise in the tube until the 
wciglit of the liquid column in the tube 
and the atmosphere balance the intfrnal 
air pressure ou the surface of the gly** 
ccrine. The column in the tube will tend 
tu wheu the prL‘ssure of the atmos- 
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viliore (liiiiinLilkcSi or tho teinpcr.it iin- nf 
llic L-oiii)>ressi'd uir rises, and to i'all when 
the atinosjihoric pressure increases or 
the temperature of the compressed air 
diiiiiiuKlies. So far as tlie variation in 
the height of the column is due to 
cliangcs in ntinos]>heric ]>ressure, the 
column moves ^n the opposite direction 
from that in a mercurial barometer. 

It will now he seen that it is desirable 

* fo eliminate from the reading of the 
barometer scale the eilect due to a 
change in temperature, Simnltaneonslv 
ol»sor\e the reading of the barometer 
and a theAmnieter at hand. Next find 
the diherence between the reailings, 
calling that of the tJiermometer the 
minuend. The ditVeren<*e is rcgartled as 
the relative jiressurc of the atniosjiiiere 
at the time of observation. The divi¬ 
sions on the instrument are J in. apart, 
and the length of the tiil>e ab<»ve the 
bottle is 2r» in. It seem.s better to have 
1^*0 divisions than anv otlier nnmher. 
These divi.*iions l»ear no relatum totliose 

* on mercurial and anendd barometeis. 
Ka<‘h instrument i.s intended to be com- 
paretl with itself to indicate a relative 
pressure of the atmosphere. In tlie 
instrument the degrees are marked and 
numbered with a )ieu on a strip of 
)Kiper ubtaincii from a rihhon roll; this 
IS pasted upon a neatwoiiden <‘ms« be- 
liiiid the tube. The case liaa a recess 
into which the bottle is b*t. A neat 
piece of wood, of the jiroper shape, 
secures the liottle, while leaving it 
almost entindv in view. Two small 

A V 

wire staples secure the tulie to the si’ale. 
If tlei^able, a jinjior scale may be ]iastod 
upon tlie tube,’*thu8 dispensing with a 
case. 

Of course*it ih liable to be broken 

,fcWhen thus constructed. The use of a 
li^’jnomcter is scarcely necesKary if tlie 
b.irometer is ke]»t in a cellar orany']»lace 
where thetcni|)erature is nearly uniform. 

With a tube ft. long, tlie liottle 
may burieil in a large box of dry 
sawdus|, or any other poor conductor of 
heat, ^in a*tinely divided state. The 
Instrument will then give fair results 
without using either a thermometer or 
a cellar. 


The advjjntage of UMiig glvcerine, 
iii.stead of \\aler, U tliat glycerine 
scarcely evajiorates; besides, it will not 
freeze except at a \ cry low tcuiporature, 
and if a minute quantity <jf water he 
]n*eserit, it never becomes s<did. 

A thin glass tube, 4 ft. long, can be 
bouglit for od, at the drug .stores m 
citii^s. 1'he glycerine and magenta will 
cost less limn lid. By making an orna¬ 
mental case one may, witli a little 
ingenuity, produce a beautiful instru¬ 
ment. Jt will foretell fair, ciiaiigeublc, 
and stormy weather as well as a niercn- 
rial barometer costing thirty times as 
ninch. 

'i’he n}»)ier end (»f the tube sbould be 
loosely filled with cotton to keep out 
the dust. After hai ln<r tbreed air into 
the instrument, it should not be allowed 
to ap]iroac]i a liorizonlal position, for 
the compressed air may Mow the (‘oJuinii 
out of the tube ; if tlii.s does not bapjten, 
a large air bubble may separate llie 
column, and render the luslrnment 
n.seless. No )Kirticnlar dinieusions are 
requisite for eiflier the bottle or tbe 
tube. The magenta is used merely to 
vernier the column more readily visible. 
Ollier colours inav be used, but this is 
the most beautiful. (.1. Asher.) 

(Id) Tortaliie mercurial barometer. 
The. chief faults in the ordinary baro¬ 
meter am imperfect vacinnu and a 
tlegrec of ciijdllarity in the mercury 
w'hich makes it diflicult to read the true 
level. With portable barometer.s it is 
rare to get acimratc results. Kralvitch 
overcomes the obstacles by the iustrii- 
ment sliown in Fig, :id7. Tlie two 
cliambers rt 6 a.s w^ell as tlie tubes join¬ 
ing tlieiii, arc filled with pure dry 
incrcnrv.i The chamber a coniminiii*ates 
with the chamber d bv a caiullarv tube. 

** I » 

On tipjiiiig tlie barometer, the mercury 
in b tlow's into </, displacing the air, 
wliich oscape.s by the tu)>e c int<» cliam- 
ber ^/, .and canno^ return to the baro¬ 
metric chamber o. The reservoir h 
assists In tilling thifctube, w'hich»is done 
cold. On reversing the tube, tlie air 
collects aiJd t'^oa}ies at tHe hole o. At 
711 is a r^D^ier tube uniting the two ]>or- 
lions of tlt*^ instrument aiyl cnjialde of 
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bciiitj closed bv' a jiinch rock. By re¬ 
peatedly reversiiig the tube, all air is at 
last forced out ot' the barometric cham¬ 
ber a. The instrument is rendered 
portaldc by reversing it, and putting 
the pinch-cock on the rubber tube. 


an 7. 



I’orulile lKU<im< ter.^ 


(IT)) How to read the barometer. 
The barometer is onlv nii extreinelv 
sensitive balance, or a manometer 
showing the variations of atnu)S]>lieric 
ju-cssure. TJje eaYiy makers of one 
form *)f the instrument bad the nn- 
fortiiimtc idea of marking certain points 
on the dial-^ with ^ the^vwds fair,” 
rain,” storm,S example 

has been I'ollowed blimll^ and hence 


the bad reputation of the barometer. 
The ])assiige of drv winds over our beads 
naturally causes the barometer to rise, 
wliile dam]) winds have the reverse 
eflect; hut it must not he forgotten 
Ibat rainy winds in Europe come from 
the south-west, and are ascendant in 
latitude—they raise the air, and in the 
same degree lighten thi barometer ; on 
the contrary, drv winds come from tlie 
north and east, are cold, and descendatTV 
in latitude—tliev drive tlie air towards 
tlie surface of tlie earth, and cause tlic 
barometer to fall. d’lie bai'omctcr 

shows very well the great htmosplie.ric. 
])ertuvbat.inus—the only condition lacing 
that we slumld learn how to use it. 
Till* diurnal course of the sun above the 
horizon cmtcUcs its influence on the 
barometer, it heats the atmosphere, 
causing ascending currents of air, wliich 
create a fall in the level of the mercury 
in tiie afternoon, and a return towards 
tlie former level in the evening. Jt is 
c\ident that the barometer may vary 
Imm three distinct causes; ]>y ebangt* 
of altitude, under the influence of <lry 
and moist winds, and under the action 
ttf tlie solar rays dejiendent on the hour 
of the day. These premises being 
stated, it is '-.it astonishing that two 
cxeeDent instruments, one jitaccd, for 
instanec, on the loner, and the other 
I on the ujiper part of a house, should 
never agree. I’roprietors of certain in¬ 
struments deelare that theirs arc the 
only barometers to be trusted; old 
friends will dispute about tliem. With 
tlie jiresent mode of griYtluation, it is 
I'are to timl two barometers in t^e same 
bouse marking even tM^ same division of 
the dial; tlie instrument which marks 
“varialilc” on tlie gr^lund-floor 
! iiH'line to “rain” on the fiftli^ store\^ 
I for in a house ft. high the ilill^iiQjice 
; ill the height of the column of air is 
I aiiout 2 mm. Take a small aneroid 
wlieel barometer in your hand, and 
! walk up or down a street with a sharp 
ascent, and jmu will find the ‘iieedh* 
deflect towards “ line ” ast you descemi, 
and fall as you rise, every ^10 ff, repre¬ 
senting about I min, in the barometric 
vuvlalton. 
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Frencii haronidters are generally 
graduated for I’aris, and cannot ]>ossibly 
i»c correct in places of diflcrent altitudes. 
The ]K>sitiou of the index is altered. 
The barometer is afl'ected much by 
latitude, and a little by longitude; tlie 
oscillation is altered, and no change in 
the index will correct the error. 

iSu]>press the^deccptive indications on 
the dial, and the barometer may be 
<'onsultetl anywhere with jtrofit. When 
the mercury is rising or falling, tlie 
indication of the same foretells faith¬ 
fully the ]>robiible wejither to be ex- 
j*ccted. ■fhe only cxco]>tiou occurs ' 
when two opposing < urrcnts are ’ 
struggling against each other; in such 
a case the barometer will ])e scarcely | 
alfected, vet the rain may fall suddenly. ' 
Generally, rapid variations of tin.* 
instrument indicate cltauge ; when Die 
fall is ra])id, ram may he e\pecteil; ' 
when very rapid, storms. The iinji^rt- | 
ance of the atmospheric perturbation is 
in ])ro|)ortion to Die rapidity of tlie fall 
" <»f the merctirv, but tlie duration of bad 
weather is in general long in ]iroj»ortioii 
as the fall has been gradual and con¬ 
tinuous. If the mercury mount \oy\ 
rajiiflly, the. weather is not completely 
changed ; it mounts more rajiidly than 
it falls, hut still there are dilVereiices 
to be observed. In testing the condition 
of the rijorcury by tapping gently with 
tlie linger, it is not safe to accept the 
rising of the inrlex as a sign of line 
weather; it must be remembered Dial 
the barometer, unless acted upon by a 
tolerably etiergetic curn nt, has a 
marked tendency to rise between Ti 
o’clo<!k in the •fternoon and midnight, 
to fall between midnight and 5 o’l lock 
in the mofliing, and to rise again 
. between r> a.m. and mid-day. 

m 

Camera. Lucid a. 

(1) The camera lucida is an apparatus 
which renders great services to land- 
Bi'ape painters by permitting them to 
see upon their canvass or drawing-})aper 
the landscape that they wish to repro¬ 
duce, and to sketch it.s outlines wiili an 
accuracy and rapulity that cannot be 


attained by means of the unaided eyesight. 
For reducifig or onlnrging drawings, 
maps, plans, &c., the camera lucida also 
gives excellent results. In short, this 
instrument forms part of the jirofes- 
sional tools of the majority of artists, 
designers, engravers, &c. 

The camene lucidfc invented oy 
Wollaston have since been more or less 
improved upon, hut all are based upon 
the same jirinciple. Tliey consist ol a 
right-angled triangular ]irisui, one of 
wlio.se is (Mtvered wiDi a small 

niirnir. TJie rays, proceoding from Die 
object whose image it is desired to see, 
first meet the ]>risin, where they are 
refracted at their entrance and exit and 
then strike the mirror, an<l from this 
are rcllccted that the ilrauglitsniaii 
receives them in Die direction of tlie 
sheet upon whieli he wislies to draw, 
and is thus cn.ihl«*d to trace their con¬ 
tours witli a jiencil. I»ut a Wollaston 
camera lucida costs 1Now’ it is 
possible to iddaiii Die same efleits as are 
given by lliis ajiparatus, by using a 
simple mirror, or aiiv bit of silvered 
glass, Diis fact being due to a jdiysio- 
logiral peculiarity of our vision. 

When we look at an object, each of 
our eyes )»erceives its image, hut the 
tw’<» images are superposed, aiul we thus 
liavo a percejitiou of hut a single object. 

I If, by a slight pressure upon one of our 
eyes, we move the globe of the latter, 
wliile l<M)kiug at the same object, the 
two images will be perceived separately, 

I or, in otlier woids, we sluill see double. 

I It is ]irohable that animals wdiose 
I eyes liave dill'erent directions, those for 
‘ e\ani]de that have eyes at the side, like 
1 many herbivora (liares, gazelles, &c.), 
j or ihat^ carry tlicin upon peduncles 
(like crustaceans), do not jierceive 
su]>erpospd images as w'c do. 

It is due to such superposition of 
images that wlion we station ouiseives 
before a sheet of white pajicr alTixed to a 
j wall, and turn sft as to face it, it is 
I jiossible, hy looking with one ejjp into a 
small mirror, to see upon the paper, hy 
means other eye,*a retlection ol 

the ohj^'c* situated ^leliind us, and to 
thus easily follow or trace its outli’ies. 
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It is a very inattor to get up a 

camera Incida upon this priiK'ijde, 

As for the arrangement of tlie 
a{>]iaratus, we may affix a small mirror 
with wire to the cover of an open 
bkutch-book, and so jdace ourselves that 
wts, may, witli the left eye regarding tlio 
mirror, see Avith the right a reflection of 
the object tljat Ave desire to draA>. 
Thi'f image will be seen upon tlie ver¬ 
tical part of the drawing- j)a])er in 
front of us, and we may then follow 
it in all its outlines and details, as Ave 

Avould do Avith an ordinary canu'ra 

¥ 

lucida. {Ll% Mature), 

(2) In all forms of <‘amcra Itu ida are 
more or less defects, such as iiiiiitati*ni 
of field, distortion, iinli.slinctness ot‘ 
image or of draAving-point, awkwardness 
<»f position, &c. l»eing engaged in 
endeaAouring to siniplily and j/crfect 
the construction and adjustment of 
Wenh.un’s liigh-]io\\er binocular j»risni, 
it occurred to me that his arrangement 
of ]trisms might be inodifuMl, so as to 
be UA'^ailalde. as a c.imera lucida in Avbirlt 
the defects of the forms hitherto made 
would be considerably redtic'cil if not 
entirely eliminated. 

Assuming a 4"*'^ inclination of tlie ml- 
croscojic to la* the }M»sition most generally 
ronvenient for drawing, 1 drew on a 
large sealc tlie system <if ]»rism9 whidi 
a]>peared to be suitable for a camera 
lucida. Messrs. Ross undertook to con¬ 
struct the ])risnis to my drawings, and 
the a]»paratus was found ujxm trial to 
answer iny expectations fully. 1 am 
irifluccd to describe it because it has aUo 
met with much approbation from micro, 
scopists, Avho Avere previously diKiucliued 
to helicA’e in the possibility of any new 
device at the present day, Avir'^h should 
be sulistantially better than the nume¬ 
rous older forms which apparently 
exhausted the subject. 

It is AAcll known that all forms of 
reflecting prisms a<'ting by means of 
one reflection are cxtreineh sensitive in 
regard the posltvm of tlie mirror in 
relation to tlie niii'ijoscn]^, ns also in a 
less degree in relation to tlii. eye ; the 
slightest deviatioa from the normal 
position in many cases entirely dc'^troy- 


ing the eflectiA'cncss of the apparatus 
For this reason camerae Iticid.'c acting by 
one reflectien have not found favour, 
though tlieir iqvparent simplicity has 
induced the construction of many such 
forms. 

In order to obviate the diflioultios 
incident to the use oC^onc reflection; 
many deA'ice^. have been made acting bv 
to'u reflections, and where these haA'^e 
hi'eii so contrived as to act like parallel* 
mirrors, the reflected imagehas possessc I 
the adAVintage peculiar tt> this ]»rinciple, 
of lieing pra<*tically instMisiLix^c to sliglit 
dill’evences of pohitiou relatiA’^e to the 
microscope or to the e\’o, remaining iii 
fact stationarv within a considerable 
range of adiustnu/it, as in Wollaston’s 
camera Imdda. 

My device (Fig. oflS) consists <»r a com¬ 
bination of a right-angled prism (Fig. 
.hVJ), Al»(l, and a rli(unhf»idn1 ]>risni 
1) K F <«, so arranged that aa lien udjnste I 
Aery nearly in lontact (i.e. sejiarate i by 
only a thin stratum of airj tlic faces 
]><' and i> E are parallel, and coUm*- 
i|iu:ntly between I)H and BE they a<‘t 
together a tlii<k parallel plate <d' 
glass fhiMiiigh Avhich tlu* draAving-pa]ier 
is \ie\veil. 'fhe rliomhoidal ))risin is so 
Muistrnctel tliat Avhen tlie face OF is 
:ip)>liel at right angles to tlic ojitie 
a MS of the microscope, the axial ray II 
paN'^es witliout refraction to I on the 
internal face E F, whence it i.s iotallif 
reflected to J in the face 1)0. At J a 
part of the ray i.s reflected to the eye by 
ordlnanj reflection in the \lirection J K, 
and a }‘art transmitted to J' on the face 
AC of the right-angled prism. Cf tlic 
latter a portion is also reflected to K by 
ordinary reflection at J', The hvno- 

• ^ A t 

thenusc face AC* is cut atsucli an angle 
tliat the reflection from J' coincides Axith# 
that from J at the eye-point K,"Merits 
utilising the secondary reflection to 
strengtlien the ImninoKity of the 
image. The angle atG is arranged so 
that the extreme marginal ray H'.from 
the field of the B eyepiece strikes upon 
1) G at a point just beyond the angle of 
total reflection, the diflraction-bands at 
the limiting angle being faintly dis¬ 
cernible at this edge of tiie field. This 
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angle gives the greatest auionnt of light 
1./ ordmary rcHectiou short of total 
reflection. 

Jiy this arraiigemeut the IhaniMlen 
circle over tJie eyei»ie<'e comes Just al»ovi‘ 
tlie camera lucifia, and the /iehl of \i<M\ 


j object is in a luminous tield the light 
I on the object (especially with lamplight) 
. may he advautageotisly subdued by 
' ground glas.s or siiiiiiar means. The 
eve may be remov'ed as often as rei^uired 
from the camera, and the work reaoin* 



is not in any way reduced; all that can 
)jc seen directly through the B eye]»iece 
(say of field) is ]>erfoclly de}fK*ted 
in the camera lucida, whilst tiie drawing 
being viewed direct is of course not cut 
down in field. 

In ]»ractioe the microscope should be 
inclined about 4rr\ and tlie image ac¬ 
curately focused through the evepiece 
as usual. Tlic camera is then slhl mi 
the eye|iiece and pushed down more or 
less until thc«iicrosco]iical image is seen 
(listinctly and the ilhiminatiou of the 
field iiPequal thi^nghout. Thedrawing- 
J»aper is placed on the table immediately 
under the caweru. TJic observer will 
then see the microscopi<*al image pro* 
on the j»aper, at the same time 
vietvJhg the pem*iI-poiiit directly. The 
v'/uile pupil of the eye is available for 
both images, the diaphragm on the 
aj>I>aratus being considerably larger 
than the pupil. It may be necessary to 
balance the illumination either by sub¬ 
duing the light in the microscope or by 
increasing it on the drawing pajier. It 
will gpu^rallv be founl that Mdicn the 


meuced without tlie slightest shifting 
of tlie image; and with ])ro]>erly 
balanced illumination, fully shaded 
drawings can he made with very little 
practice. The drawing-paper should in 
every case be jdaced at the di^tance of 
distinct vision, either using spectacle-* or 
not. If the vertical ]>osition of the 
microscope be }>refevre<l, the drawing- 
paper may be inclined 40% either in 
iVont or at the side of the instrument. 
For very accurate drawings in all 
a/.iuniths, the drawing-jiaper should of 
course wholly <M»incide with the jdaueof 
ti»o ojdical image, as with every other 
form of <'atnera lucida. A spring clipLs 
jirovided fii which a screen of blaik 
paper may be put to shade the eye not 
in use. 

Tliis form of camera lucida can be 
modified so ns to project the image at 
any desired angle. *^It can be used wnth 
the dissecting niicroscojie or ^liand- 
magnifler, also on !i stand for archi¬ 
tectural 01 ^ m*jhani’cal dr;\wiiigs. (II. 
iSchvoder.^ „ ^ 
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! (Kirallel linos are «lravvii at ri^lit audios 
DeNDROMTJTEK^ t!» tlu* The Hi|uare is attanlioil 

moans of a ]>ivot and clamp sctow to a 
There arc various methods of aseer- stout iron-shod pole about 4}, ft. lon^— 
tiiining^ the heitrhts of trees, all more a convenient lieight for takinij tree 
or less satisfactory; but the simplest measurements. 

and most cflicieut contrivance that lias This instrunieiit is constructed on the 




come under our notice is a little instru¬ 
ment invented by Kay. ^it tuisiBts of a 
square board (Fi^ 370), lumny its sides 
9-t in. longv On the sides of this s(iuare, 


principle wliich applies to all right- 
angled triangles. The side A n (Ff^. 370) 
is termed the base-line, and corresponds 
with the horizontal line from the tree 


« 


« 


i>endronieter. 
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ur otlier object intended to be measured, tlie centre of tlu‘ lok* of the tree to the 
to the foot of till' observer. Tlie lines staff of tiie deudrometer. At thi^ point 
running ]ier]>endieular to the baseline (where the operator stands) the stati of 
represent the altitude or heiglit of the the dcndrouieter is to be fixed in the 
object either in feet, links, or 
yards, according to the M'ale 
by which the base line is 
measured. * The height of any 
given tree is inoicated on the 
face of the dendromeler at 
the judnt where the plumb line 
(stivsjiende^l from the point A) 
intersects the perjteudicular 
line corresponding with the 
diKtaiice on^he ba.se line from 
tlie centre of the trunk of the 
tree to the observer. The 
ligiires along tlie top and 
bottom of the instriimeut 
sliow th? number of divisions 
'■orn'spondiiig to the lines <d 
altitude intersected bv tlic 
plumb line. 

Hach line of altitude rejire- 
sented on the instrument cor- 
''jesponds with a unit of tlio 
scale euijiloyed, whetlier this 
scale be in feet, links, or 
yards. The base line is 
marked only at every fifth 
unit, thus, 5, 10, 15, iiO, and 
So on. Whatever standard of 
measurement is fixed upon, 
whether it be in feet, links, 
or yards, for the base line, 
it is of course understood 
that the lines of altitude 

uuibt In* fixed to the same .iM 

scale. The tLivisions on the 
face tlie instrument are 
lull, but if at any time it be 
desired to ascertain the height 
of an object al^ivc 150 ft., the 
divisions of the instruments 
in;^ termed yards, when, 
of course, a height of 450 ft. Dendrometer. 

can be measured. 

The mode of using the dendrometer is ground. Then setting the instrument 
as follows:—Suppose the object to be in the direction ot'fhe tree turn the 
measured be a tree* The operator must square face of the Instrument f which 
^rst place bimaelf at a suflicient dis- works on a pivot fixed at the upper 
tance f^om the tree so that the extreme angle) untH plumb liue falls direct 
top of it can be distinctly seen. Note upon the^li»e A b (Fiat- 370). Fix the 
must then be made of the distance from square in this position by the clamp 
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Bcri'ft’, .'iiul then Ii)i)k throu'ih tlie 
“.sight ’* (thu jU'i'huMtion running 
thruU'^h the square fnmi C to A,Fig. .‘J70), 
ami mark the ]tla('e ou the tree whor** 
the line of sight ruts the tree, n> at JJ iu 
Fig, ;{71. 'riu'* point (r.) will give tiie 
level eoiTesp(Uuiing to the Iieight of the 
cpliserver. Next loosen the rlamp serew 
and turn the square until the lino of 
sight cuts the rvtrenie t(q) of the tree, 
tlien iightou the claniji sorow ag.iiii. 
The plumb line will then bo seen to 
make a tri.ingle with the base and alti¬ 
tude lines, as sh*>wn in Fig. olO. The 
bright of the tree will bt: iudiratrtl b\' 
the nimiber (tf the line of aititude, whuli 

int(T>ected l>y the plumb line, on the 
ba-»e line eorresponding with the 
nuMsured distance fnun the tree. 

The diagram (Fig. «'170) shows rlearly 
what takes place during an ohMirvati^m. 
Su]q»ose the liase line iVom the centre of 
the tree trunk to the ob'^erver nioasures 
ru ft., and after “ sighting ” tlie tu|> 4if 
the tree the pliiml) line falls over the 
square in the manner indicated in the 
diagram (the ujiper iigure), the height 
of the tree metsurel would then hr 
27) ft. Again, if the bise line measured 
100 ft., and after “sighting*" the toj)- 
inost point of a tree, the plumb line fell 
across the square, as in the b»wcr iigure 
in the diagram, the tree would be 50 ft. 
in heiglit. Of coiu'bc, in every case the 
height from the ground to the observer's 
eve muAt bo tuldtui to the Iieight read on 
the instrument. 

In measuring reclining trees or other 
objects, care must be taken not to 
incamre the base line from the centre 
of the tree trunk, but from the point on 
the ground jierpcndieul tr to tlichigho.st 
jtart of the tree. This point may be 
as(;ertained by ht>l<ling a )}lumb-line 
between the eye and the tree, and 
marking on the ground the jdacc thus 
iuflicated, as at u, Fig, 572. On finding 
this point perpendicular to the highest 
jiart of the tree, the observer may pro- 
(cel a-^ iu the preceding instructions. 


It will thus be seen that in iiieiwuving 
<ibj(*cts not exactly ])crjn*udicular, siuife 
care is necessary in the ojmratioii, or tlie 
measurements will Im* inaccurate. In 
the ease of aseertainiug tlie heigiit of 
an (djjeet, as ior instance that repre¬ 
sented ill Fig. 572, if tile base line were 
ineasureil from the centre {»f the bole, 
instead of from the piuiit n, the ob¬ 
served lieigiit would he too great. In 
sliort, if tlie base line were measurs^l 
from the centre of the bole on the side 
to which tlie tree is leaning, it w^oul i 
give too great a height, and on the 
other hand, if the iiaso^line were 
ineasnred on the side the tree leaning 
from, the height so ascertained wouhl be 
le.s^ than the true height of the tree. 

In measuring Ine height of round or 
llat-to]>|ii!d trees, tlic observer ninst 
cluMJSi* a station siillicifutly distant, so 
as to fnlly sec the highest jiart. If 
view’cd too near, as at A iu Fig. 575, it 
is impossible for one to .se' the highest 
])art of the tree, and tlic result is that 
the height is greatly increased. There-* 
f-re, in order to avoid sutdi errors, tlic 
object should be viewed as far back as 
])ossihle, so as to olitain a view of the 
inghc4 jioint right over the true per¬ 
pendicular, or, iu the event of this not 
Indng possible, the perpendicular anl 
height of some definite point may* l^e 
ascertained as in Fig. 572. 

The height of any part of a tree or 
other object may be ascertaineii liy sub¬ 
tracting the result of one observation 
from that of another. 

Tliis instrument posse:f.ies many ad¬ 
vantages. It is simple, no calculation 
being required; the he ght of afiy free 
or other object can he ascertained at 
any convenient distance/and by it the 
licight of any portion of a tree, such as 
the licight of the trunk, can be 
tained from one station. It is, Ihore- 
over, light and portable, not its least 
recommendation for an instrument of 
this kind. 
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\iiij coiupo^itiun, GG. 

Vcacia walking; stickn^ J9 h. 

Attifl inimpH, :tni, 

-sipkoTi, yOi’i. 

ceiucnt^ i;i. 

— \txio, 13. 

Voids, cvaporatinjr, ‘ir». 

Ail.niis's air bath, 3 b 
\riililii*r, rir>. 

Air baths, 3*^. 

— oxhuusUiig, 411, 

-ovens, 33, • 

Albumen prints, IJ2. 

AUiuins, repairing, 3H3. 

Alloys capAble nf electric wcUliiij', 

-eutectic, 7G. 

-fusible, 7G. 

Amide powder, strength, 67. 
Ammonia as a firt* oxfinj^tiislier, ho. 
dynamite, stteugUi, 67. 
^Anatomical specimen*!, casts of, 32 h. 
Anrmonietcrs, 4ll,‘ 

Angles, measuring, 413. 

Apse walking sticks, 30 h. 

\sh walking sticks, 309, 

Asp walking sticks, 39^. 

Atlas poAvder, com)Misith>n, 66. 

-firing |H>ints, 65. 

-stienglli, 67. 

\nt»iiiatlc rapid filter, 5 h. 

-H|iilnklerR, 73. 

V\o hatterA', 131. 

llVKOAV VVaI.MNC SriCK-', 309. 
Itiiniboo walking sticks, 300. 
IkiifimctcrB, 414. 

-camphor, 421. 

-ciieap, 414.* 

-eistcni, 419. 

— - clwiing tulH‘^41G. 

- — oxhausting tuWs. 4 1 4, 

- filling with mercury, 415. 
glycerine, 448.3 
porLable, 42*1. 
leading, 426. 

« ^^hon,417. 

" snirm glass, 421. 

' — vernier, 421. 
llattories, electric^ 125. 

— for electric welding, 209. 

-storage, Ihs. 

Ikiy^trte walking sticks, 399. 
Ileating gold, 241. 

Hepfwood walMiig slicks, 399. 

Fk‘ctlo c&nes, 399. 

Ilellite, strength, 67. 
nella, electric, 162. 

JJeltlag, cement for, 18 . 
wnd knot, 372 386. 
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Ikmuke's cement. I.> 

Itmuett ]K)Avder, i «nii[H)siUiin, G 6 . 
Itriizene, extinguishing, ho. 

Ii‘*nzutc arid in food, 271 . 
bernardos electric welding, 209 . 
|{iihromato batteries, 131 . 

Minding knot, 372 . 
lUrch walking stickn, 39 o. 

Mild a upward fiUei, 64. 

.sprinkler, 7 G. 
ihunial lantern, 102 . 

Black orange walking slicKi>, 4oj. 

-tork walking sticks, 399 

-Avriting ink, 82 . 

BlackBDiithing, 24 h. 

Mlai'kthorn Avalking stick*!, 300 . 
Mlackwall hltcli, 372 . 

Block hook, 3 ^ 0 . 

Blocks, rope, 377 . 

Blue-black wiitiiig ink, 82 . 

—— marking ink, h 5 . 

Boat building, 407 . 

IkKjks, cloth iHuiml, 38]. 

-discolouri^l cases, 3S3. 

-dog-ears, 382 . 

- - leather bound, 3 '' 3 . 

- preserving, 27 u. 

-recasing, 381. 

-repairing, 3 rti. 

-aliitinis, 3H;!. 

-* lorn cases, ,382. 

Iksds, AAaterpioofliig, 311 . 

Boraiic at id for keeping footl, ^71. 
Bottle cnmelit, 13. 

-labels, 4 . 

-lacquer, 89 . 

lk>Aver-BaTff iron, 202. 

BoAvIino knot, 370. 

Boxwood walking stick a, 4',0« 
Brass lacquer, 80. 

Briar root pipes, 361 . 

- walking stiokH, 4 u 0 . 

Bi Ight's fire ulnrtu, 79. 

Hionr.es, 210. ^ < 

-caNtinn 210 , 22 ."i. 

— -works, 220 . 

- - - compositions, 220. 

- - fumucG, 229 , 

— • .fapauese, 231 - 

— models, 210. 

-moulds, 220 , 233 . ^ 


patina, 232- 
pickling solutions, J3l, 
piece moulding, 2'Xi 


— pouring, 22ru 


— Bhihu-lqlii, 234. 

-WAstf wax proce.H3, t21. 

-wax models, 224 

•Brown’s sprinkler, 76. 
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powder, coini»oeltioii, CC. 
IttiileiilxMg powder, rotnpu^ition,^^t>. 
ISiindin^^s, lirf^proutiiiK, 67. 

-llivtT riaU'iiroproof, 70. 

-timlxT iiriiig without llaiiie, b7. 

Iitinseri biinier, win*, I!. 

Tinrriit spriiikirr, 76, 

<'AnHAGK Wai.kin i SrU’KS, liio. 
('alcSuiii clilou(l(* thyiiig pnK*« s'l, 
Cuniera liicida, 427. 

<'aiiiphor barometer, 421. 

(^indying tiint, 277. 

<^tp ceiueiit, i.’i. 

CarbfkdyjiaiiiUe, coiiipositi<»ii, Ob. 

<^*iibon piiiits. 111. 

Carbtmic act<l cr.itf*, 20;t. 

— -fi>r cooling, 19. 

i 'arbotii), electric, J fii 
Cirl>i»y pToteitnr, 20t. 

<\irey’s spriiikl<*r, 7:5. 

(’arob walking Kticks. 400. 
t'arolitia rco<)a, 400. 

Carrick bend, 372. 

CuReiii cement, 13. 

Canting, 24.3. 

•—l)ioiiZ(*s, 22.*i. 

(’.itHp.iw knot, 370. 

<batt'-iy, 1.12. 

Cedur wood walking btick.s, 100 . 

CVnieiite, 13. 

- — ncid proof, 13, 

-— hcUtng, IH. 

— — lti*nick<’s, 1.5, 

bottle, 13. 
c.ip, 13. 

^ casein, 13, 

- Cliniii, IH, 

- cutlers', I.’I. 

— J)av;k *.s, IS. 

-glass. i:5. 

-- ■ — to metal, 1.3. 

-glue, 14. 

— giitta-percba, 17. 

-water pijic'*, 1 1 . 

- iabeta, 15. 

- metallic, for stone, ]s. 

- — iiiUToscopical, 15. 

rubber, 17, 

--to tnetiil, 17. 

- -Htone, IS. 

—-— RoulanV, 13. 

Centrifugal rlners, 41. 

-filtering, 63. 

ra pcnliita bronxes, 221. 

Cliarioal tobacco piiie.-, 363. , 

(3icrry walking hticks, 400. 

Che.stnnt walking sticks, 400. 

China js. 

Chloride of calcium drying p’oe^•^s, iis. 
Chiorochromic Ixiltcry, 153. 

Chromic acid baLU*ry, 133. 

Cistern barometer, 419.^ 

Clamps, wire, 9. 

Clay m lellingf .321. ,( 

-tobacio pipes, 355. 

(Meaning baroii>«*ter tubes, 4; 

(Move bitch, 370, 372. 

('ofiee walking btick5, 400. 

Cold drying, 42. 

Colouring niag'c lantern prints, 119. 


Colouring iiU'tal w^ares, 230 . 

Commututors,4dectiii\ lot. 
Concentrating liy lold, 42. 

-heat, 32, 4ri. 

Conercto fltKiis, 70, 

Condenser, Lkbig, r». 

Congreve’s sprinkler, 7t 
Constant water bath, 40, 

Contact printing, 116. 

CmiUng. 19. 

--— by ovaporaliuii, 11* 

-water, 19. 

Copper, c<irro8iuii. 2>'3. 

— - oxide Knttory. 113. 

pl.Hies, welding. 2U. 

-pr(»te<*tion, 2'<3, 

—— welding, 210. 

Copying. 22. 

-black process, 23. 

— ' blue pruce*'S, 22. 

ehetnical inethtKk, 22. 
enpper plates, 27. 
rlyiiamo-clecti It tna« hue s 27 
ga I \ uno-caust wr, 27. 

' ink, 83. 

- niagncto-ele<*trif ni«tchiiu*>, 27 

- nieelianic.«il riiethoii*-, 2 t. 

' mounting drawings, 28 . 

nature )>rmting, 27. 

— ' paper, |H‘rinatiei]t)y moist, i:i, 
— Iiliuto-chenilgrapliy, 27. 

-printing fiame, 22. 

- <3 pe printing, 27. 

— tyiHigraplne blockf, 28, 
yincotyp. s, 25. 

Coidite, coinpo^itltiii, 66. 

('••rk puller, wire, n. 

- — walking sticks, 400. 

( orrosion, ctjpper, 2*53. 

- ir«n, 284, 

-lend, 300. 

—— lilt tal hnrfac4»s, 283. 

-silver, 301. 

-steel, 284. 

— yinc, 301. 

(Joiiou waste, printing ink 86. 

(Jrub w'alking sticks, 400. 

Cutlers’cement. 13. 

Cutting diamonds, 1. 

lUTK Pai.m AVai.kinu Sticks 400. 
Davey pKJWdcr, etimpusition, 06 . 
Davy's oeiiient, IH. fP 

Dawimy's Htxas, 7u. 

Deluniy's battery. 134. 

Dendrometers, 430. 
iViinclt'H fliMiTs, 70. 

Desiccating, 32. 

Designollcs pow'der, composilit n, CO. 
Diatiiond bitch, 375. 

Diamonda, cutting, 1. 

-iKilishing, 1 . 

Diah covers, Japaniiitig, 95. 

Diatilled water, prcaerviiig, 270. 
Distilling, 42. 

-iiMTcury, 42. 

-water, 44. 

iHstwood walking ntieks, 400. 

Jlole powder, curii|H>Aillon, 66. 

Hop, 2. 

Double IliackwaU hitch, r.72. 
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Double Bhoct lx*ii(l, 3Y0. 
lh>ii1tou-Potu HoorSi 70. 

')r»g rope knot, 37w!. 

Drawings, duplicating, 23. 

-mounting, 27. 

Draw n»ef knot, 309. 

Dried plants keeping, 278. 

Dry batteries. 147. 

—— plates for magic lantei ns, 110. 
1 hying, 32. 

-agricultural protluce, 

— nir batlis, r.t 

■ calcium chloride, 38. 

-C(»ld, 42. 

‘— eold-air machine, rtii, 

-- hull, 38. 

-- grain, 38. 

— hydro extractors, 41. 
niiHdianioally, 41. 

• ■ pte^B’l» 42. 

* - lea. 38. 

water ovens, 40. 
ihKiliiie coiiii^ositlon, (»(J. 

Duplicating \vritliig>, 22 
Ilynamite, coinjmitioiif (>(> 

- -- tiring jM>ints, 03, 

- -- strength, 07. 

Dynamo-electric machines, 27. 

Knox'Y WalkiN’o Shcks, 401. 
J’lggB, packtni;, 205. 

Klectric hatierieH. 125, 

— > -axu, 13i. 

- --bichromate, 1.3). 

-chloriK'hroiiiie, J63. 

— — chronne acid, 133. 

- cop[K*r oxide, 143. 

-Delaniy’s, 134, 

dry, M7. 

--for cautery, 1.32. 

FridllanderV, 135. 
gas, 136. 

. fc Jloltzer, 141. 

- ~ - Iinchenetzki, 142. 
-iruii, 142, 

— — Kousniine, 142. 

- — . .Dalande-Cha]HMon, 143, 

- — inolHt, 147. 

-pneumatic, 152 

-priming Biidion, 148. 

--ItaAiguct'b, I4H. 

-llenurd’s, 151 

- —SelbyVisr.. 

- Heteiiiinn, 157. 

- - ' single Iluid, 159. 

- . — Skrfvanof, 150. 

- Sloane'H, 159. 

- - ‘ — storage, 195 

« — Huspendiiig frainea, 131. 

- Treeby's, 136. 

--water, 161. 

--A\'^cynier8cli, 161. 

-wire mesh frames, 138. 

Irclls, 162. 

— carbons, 163. 

-commutators, 161. 

• ^nm>€tor, wire, ll, 

— oiierpy, 126. 

— lire alarniR. 79. 

-galvauomeCcrs, 166. 

-graphophoDc, 182. 


I Electric holing, 213. 

-Joints, Btubility, 213. 

— - lamps, 4 69. 

-light tor vohK’iprdc, 38). 

lighting, 62, 170. 

-coht, 170. 

I —- nnerophones, 174. 

--tratiHTiiilier, i02. 

' -—motors, making, 17b. 

-- — phonogram, 182 

— ]K>wdrr, conifMiMtiun, 66 
n'gulator.s, 103. 

— - liveting, 213. 

. -soldering, 213. 

t - storage, 185. 

.-t<dep))Ofics, 190. 

tr.nisforiiieih, 200. 

— vvehling, 193. 

-- —— battery, 209. 
wuvB. Insulating. 2l.^ 

.-joining, 2)6 

Kninieimite, tiring points, (."* 

— ^t^ellg1h, 67. 

Kriatiiei.s for ineials, 210 
KtK'ausiic h Ib'rs, 5 
Kiidoising ink, 87. 

Kibardt fsiwder, cniiipoMlion, 66 
Kichitig glass, 317. 

I -liquid, 5. 

Kucalyptus walking Fticks, 10 1. 

I Kiitrctic alloy, 76. 

' Kvans and Swain's b<did Wi>oden Doors, 7o. 
l*!viiIK)raUng, 45. 

-aculH, 45. 

I’OuUng by, 10. 

' multiple, 4.5. 

Exhausting ali Imm tnlx'S. 414. 
Explosives, 65. 

-composition, 6^1. 

'—firing iHuntK, 65. 

-BtrengtliS, 65, 67. 

Extinguishing iifiparutus, 73. 

-i>4m*/.ene, 80. 

-coinpouiuis, 73. 

-petroleum, ho. 

Extraction apparatus, 7. 

FAMTKNINrt DaOKI-S ON MfTVL, G. 

Figure of eight knot, 368. 

Filter, autoiiintlc rapid, 58. 

-gt’nniclde, 53. 

— Johnson's 54. 

-iVlallic, 65. 

— ' )>:ipers, folding, 59. 

-Paulson's, 53. 

-porcelain, 55. 

-pre*^8, 42. 

-pumps, 58. 

-suppoit, 57. 

Filtering, 53. 

— - — assisting, 63. 

centritugal. 63. 

-fine precipitates, 62. 

— funnels, 62 * 

— in vacuo, 56, 63. 

^ laboratory tnetlfbds, 56«s 

— media, se^^ctiii*|, 62. 

— oxiiltBable precipitates, i6 7. 

- jam f and linen,^2. 

— nlpid. 5B, 59. 

— secrets of, 62. « 
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Filtorlng iinUcr presBurc*, 63. 

- ' — upwards, 63. 

-vacnnm pump for, 66, Grt. 

-viiicUl liquors, 56, 63 

■ water, 53. 

I'tre alarms, 79. 

Kiroiluora iu thealres, 
rir4q)nx»fliig, 67. 

-builclhigs, 67. 

- — cauM'S lit lirt^, 6s. 

-ONtingnlshing corupMnudH and ajqMratU'^, 

73. 

-floors, 60. 

--sprinklciM, 73. 

- - toxtilcK, HU. 

-theatres, 71. 

— tilUlHU*, MO. 

-Ilting without flame. 67. 

-wbitewasli. CO 

riU‘8, causips, 67. 

-frtuii flues, 6s. 

-oxidis' d hoij, 60. 

--|>i]>es, 6H. 

Hsbertnen*« bend. .‘»70, 3i0. 
l'’l.shiiig nets, nmkirig, asi. 
f’Uuig, 335, 336. 
l''bx>IS, COTUTOtC, 70. 

-cost, 71. 

-Hreproof, CO. 

-loads, 71. 

-solid wooden, 70. 

-weight, 71, 

Kolding niter pupeis, ,'»!► 

Kood, preserving, *271 
Korclte, coin|M)hittoii. 66. 

-firing points. Cr». 

Forge, *218. 

KorgerloH, detecting, s7. 

Fort is powder, comi*oMtioi», 66, 
l*\mndiy, statue, *220. 

Free/iiig mixtures, 10. 

-out waver, 4*2. 

Fi iedlander’s batUuy, 13.7. 

Fruit candying, 277, 

-drier, 3H. 

Fullers* teaKle walking s'lV.s, 101. 

Fulminate, mercury, tiring p>nits, 65. 
Fulminates, strength, C7. 

Funnels, filtering, 6*2. 

Furnace, bronze^, *220. 

Furze walking slicks, 4 '. 

Fusible alloys, 76. 

Oai.vanisino Iuok, 2H7. 
iSalvano-caustics, 27. 
tralvanomcters, 166. 

<Tardeii labels, 5. « 

Gardner's floors, 70. 

Gas battery, 136. 

■- ■ ■ lighting, 49* 

-liquor as'H Arc extinguisher, 1^0. 

frelAiine, camphorated, firing 65. 

-explosive, coiiiposlUon, ihi. 

- — firing wiiits, 

-atrcngili, 67. 

Gelignit^cx.>tnpa dtion, 63. 

Gems, cutting, 1. , 

polishing. If' ‘ 

uicidc ftlter, 53. ^ , 

iesner's rust-proofing process, 207. 

Jiunt jHiwder, romiM)Sltlotv66. 


“—L-—- 

Glass, breaking, 313. 

-cements, 13. 

-cutting, 314. 

-diUIiiig, 315. 

—— etching, 317. 

— — liquid, 5. 

-fabteiiiug lubel> to, C. 

— - ri'oBtirig, 310. 

- !alx*ls, 5. 

-- ' lacquer, i>tuck. H9. 

-povvdoriiig, 320. 

— - - stopiiers, fitting, 320. 

— to metals, cemcoiUiig, 13. 

- luliCK, scaling, 3'20. 

— wTlliiig uu, 5. 
tllue, drj', 14. 

GJyicnne barometer, 423. 

-- explosive, strength, 67. 

Gold beating, 241, 

-lacquer, 00. ♦ 

Goiiiomelers, 413. 

Goi'sc Wfilklng stick'a, 401. 

Grain dtier, 3 m. 

Graiigier’b coiumut itor. 161. 
Oruphdpbone, 1M2 ^ 

tiraphs, 22. 

t>reeii ]>owder, compobition, 66. 
Gnnneir.s sprinkler, 75. 
tJrove battery, liquor for fiecnng, 10. 
Gru-gru w'alking-slicks, 40). 

Guelder TOKO walking slicks, 401 
Guncotton, filing points, 65. 

-slieiigih, G7. 

<>unpow<lcr, firing ]H:iints, 65. 

Guthrie's eutectic alhy, 76. 
Giilta-percliu cement's, 17. 

IIaIIN roWJ>M«, (yOMlWITKiS. l»6. 
Harris sprinkler, 76. 

Harrison’s sprinkler, 74. 

Hawser Ixiid, 3hu. 

Hazel w'lUking sticks, 401* 
Heltography, 23. 

Heliogravure, 25. 

HoUbofnte, strength, 67. 
llerlMirium specimens, kccpirv^ 'JTm. 
Hercules powder, cuiuposUiun. 66. 
Holders, wire, 9. 

Holly w'alking sticks, 401. 

Holtzcr hatti^ry, 141. ^ 

Homat) and Roger’s floors, 70. 
liookah, 365. 

Hornboam walking sticks, 

Horsley powder, comp>sHion. 66. 

Hot-water idpen;, cenicnt, 1 f. 
iXydro-cxtractors, 41. • 

-liitro-ccllulose, firing iioint*, UTi, 

iM.UMTNATINa AgBNTS, 4H. 
hncheiiet/iki baiter^', 142. 

Indelible ink, 84. 

-stamping ink, 86. 

Indian ink writing on glass. 5. 

Ink, 82. 

— action of bleaching agents on, 87 

-block writing, 8*2. 

-copying, 83. 

- --without pre?s S3, 

-(‘Udorbing, 87. 

-eraser, «7. 

—■ in ‘elible, 84, 
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Ink, iLivUible, 84. 

-marking, 85. 

|)ad, Ht. 

- polygraphic, 86. 

-powder, 87. 

- — prlTitiiig, «G. 

- restoring faded, sC. 

- Hbimidiig, 86 
' stencil, 85. 

- wut«‘rpr<K)l‘, «7. 

Insulating cleat, *ii6 

—• wires, 215. • 

Invisible ink, 81. 

1 11*11 battery, 142. 

—•— coating, 28 s. 

— corrobi*»n, 281 
—- gulvanibing, i"?. 

-lacquer, tn, 

- — lute, 14. 

-painlhi^; 2 h7. 

— plates, welding, 211. 

— protection, 287. 

J.VMUKK WALKIKC fil'ICK^, 401. 
.iLipnnc^^e bronzes, 2IM. * 

-lacquer, 91. 

•lapanning dish co^er8, 05. 

-tneLd,02. 

-'J'onbndgo ware, Ol. 

-trays, 95. 

—— wutid, 94, 

Johnson’s inter, 5t. 

Joining elct*tric ires, 216. 

•tIoliD’H sprinkler, 77. 

Judson povMler, coiniH)i<ition, 60. 

Ki i-riNO Ik^oKH, 270. 

—. distilled water, 270. 

-dried plants, 278. 

-food, 271. 

—~ tools, 259. 

-wocmI, 282. 

Ke].bw and Short powder, coinposiiioi 
KiObelguhr dyiiuniite, filing points, or 
Kl-urushi, 91. 

Knots, 968. 

Kousmlne battery, 142. 

Knp powder, coni]>osltion, 60. 

Kauki.s, 4. 

-- bottle, 4. • 

-cements, 15. 

enaaustic, 5. 

-fustoning on metal, 5. 

— gardcTi, 6, 

— glass, 5. • 

-jiUint, 5. 

m — vurnlsb, 5. 

Kubor^tory apparatus, 6. 

-wire, 7. 

-inters, 56* 

Uicqucrs, 89. 

—— black for glass, 89. 

--bottle, 89. 

- —"m'asB, 89. 

-gold, 90. 

—iron, 01 ' 

-JAaneae, 91. 

— sjfecl, 91. 

~—nruabl, 91. 

iadubdc-Cliapcron battery, 1I3. 

) 


I^anips, clccttlc, lO'j. 

Ijancew(H>d walking silck.M, 4bl. 
Laimoy powdl^r, rumposilion, GG. 
Lantern pictures, making, K'H. 
Lanterns, magic, 95. 

Lupidurlcs’ work, 1. 

Jjaudy’s cojiyiiig pn>cess, 22. 

Laiirier tLyii walking btickb, 

Lawn tennis nets, making, 29“ 

-mending, 211 :. 

Lead, cuiro^ion, 200 . 

-protection. 3t>0, 

Leonard sprinkler, 7 s. 

I.etters, encauHtic, 5. 

Library insects, 27o. 

Liebig condenser, G. 
iAgbtliig agents, 4S. 

-burners, 50. 

—— CObt, 48 . 

-ecom»mic.s, 52, 

“ electric, 52, 170, 

-gOH, 49 . 

-magnesium, .51. 

— petroleum, 4s. 

-theaties, 72. 

-water gas, 51. 

Lime bisulphite m food. 271. 

-light, 192. 

I Lindsiiy'fl litKiis, 70. 

' Ijorraiii's lire alarm. T9. 

' Ijoya cane.s 402. 

' Lutes, 1.2. 

I -acid proof, KL 

, -cap, l.’L 

I -iron, 11. 

I 

^ MArCAlKrl’s Si'KlNKLI.K, 7 1. 

, Magic lanterns, 95. 

;-albumen prints, 112. 

-— ■ biiinial, 102. 

t-cuibon prints. 111, 

-— carrier lor Blldcfl, 101 . 

-cheap, 95.’ 

I-colouring prints, 119. 

I-contact printing, 116 . 

i-gelatine plate, 95. 

-— lever slide, 119. 

-lights, 102, 

— -pcntaphane, 99. 

--*-portable, 97, 

--printing frame, JuG 

— -Vnmpbrey’s vaporiser, lfi3. 

-reflecting, 96. 

-slides, 106. 

-shape, 107. 

-sty.e, 107. 

-— making, 108. 

---mounting, 107. 

- —wonder camera, 90, 

-AV<H)dbury types, in. 

Magnesium lamps, 51. 
Magneto-electric niachitus. 27. 
MaluC/Ca cancs, 402. • 

Maliie Alter, 55. 

Maple walking sticks, 402. 

Marking ink, 86. * 

Measuring anglc% 413.4 

- helgntYf trees, 430. 

Medlar wnlkuig sticks, 4idr2. 
Meersi'hanm pipes, 363, 

I Meganito, coinposilion, GG. 
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Melinite, strength, 67. 

Mercury* fulmiriut.e, ilring points, C5. 

-strength, 67* 

-pUTifying, 42. 

-stillfl, 42. 

^IchIi pegs, netting, 

lilittil surfaces, corrosion and protci*' 

-waves, colouring, 239. 

— work, 219. 

Metals capable of elretric welding, 1 

— enamels. 249. 

-f.islening labels to, 5 *J. 

- • jflpanniiig, 92. 

— wntnig on, 6. 

Mcteer, 4. 

Mjfa i»owd«r, cotnpo^ition, 66. 
-MiiTophones, 174. 

— trausuiitter, 192. 

Microscope ccmrtit, 15. 

■ stand, win*. 11. 

Midget! walking sticks, 402 
AltMlelllug, 321. 

-(lay, 321. 

*-stand, 321. 

-322 

-W'a\, 325. 

Moist batteries, 147, 

Mtikuyiki, 91. 

IVbitors, electric, 176. 

Muuldera* t(*olR, 213. 

INfoulding, 21.3. 

-sand, 243. 

MonhlR, bronze, 220, 233. 

Mountain asb walking fitii.ks, 402 

-bay walking sticks, 402. 

Mounting drawings, 28. 

-niagic-lantcni slides, 107. 

INfousing a book, 380. 

Multiple evaporation, 45. 

Musical instruments, himie-inade, 24 
Myall wood walking sticks, 402 
Myrtle walking sticks, 4U2. 

Nana Canks, 402. 

Naturai objects, casts of, 32S. 

Nature imntlng, 27. 

Netting, 3K4, 

-Kverv's system, 390. 

-niei>ding, 395. 

-needles, 384. 

-384, 

-shales, 3H6. 

s|»ool8. 384. 

-square meslied, 392. 

Nvunieyer powder, compo.^itlon, CC. 
Xitro-glycerine, firing iKUiits, 95. 

-strength, 67. 

Noi>el*s powder, strength, 67. 

Oak Walking Sticks, 402. 

Oil lighting, 4B. 

Olive walking sticks, 402. 

Orange walking sticks, 4U2, 

Ovens, air, 32. ' 

Oxland powder, composition, CO. 
OxoiiJt4»vHtreu({jib, 67.^ 

Oxy-oalclum lamp, 102. 
Oxy-hydrogen ’amp, lu2 » 

-light, 73, 

I 

rACKIVO. 2C2. 

-ai ids, 3t;2 
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Packing ctfgs, 265. 

Pack'Saddle knot, 375. 

Pod ink, 87. 

Painting iron, 287. 

-lant«‘m slides, 119. 

i’dlmyra walking sticks, 402, 
Paraillti lighting, 48. 

Parcels, tying, 374. 

Parrach o s sprinkler, 71. 

Parlridge cancs, 4n2. 

— wiN)d ualkmg stick*, to t. 

Pii*^to, :i37. > 

Patimi on iironzc, 2.32. 

I'auJson’s lillor, .53. 

Peimng lawyer cancs, 4U3. 
Pentaphane lamp, 99. 

Percolation, 269. 

Percolator, water batii, and 12. 
IVrkius’s cooluig apparaius, 2«i 
Petroleum, c.vtiiigui'<Iiuig, so. 

-llgliting, 4S. 

Plioiiograui, 1 M 2 . 

JMiotocheTuignqiliy, 27. 

Photograph albums, n'paiilng, 
Photographic piasfe.' casts, 339. 
Photograplis, magic Uiuti'rn, 
IHckiiiig bronzes, 234. 

Picric iw>w<icr, firing points, 05. 
Picb't'ft Iree'/.ing bquor, 19. 

Pimento walking stick', 40.3. 
Pinchcock, wire, 9. 

Pil)e-maker»' «)ven, .356. 

- — moulders* talde, 35S. 

--- lotils, 357. 

i'lpes, coating, 28 h, 

-in>r-\Nater, cement, It. 

I'hmi laliels, 6. 

Plants, preserving, 278, 

Piaster casting, 335. 

-casts, eniatging, 3.32. 

-hardening, 331. 

-reducing. 332. 

-(hat will w’asli, 330. 

Plates, welding, 21J. 

I^ieiunatic liatbTy, 152, 

PoiteviiPs copying process, 23. 
INdihUing diamonds, 1. 

Poly graphic Ink, 86. 

Pomegranate walking sticks, 403. 
Porcelain filter, 55. 

Pouring broTize, 226. 

Precipitate filter, ,57. 63. 

Pre.serviiig books, 270. ,. 

-fiKHl, 271. 

-plants, 278. 

-wood, 283. 

Presses, diying, 42. 

Printing Ink, 86. 

Prints, copying, 22. 

PioU'ctlon, copper, 383. 

-iron, 287. 

—- lead, 300. 

— metal Hurface.s, 283. 

-silver, 30i. 

-steel, 287. 

-zinc, 301. 

Pumphrey's vaporiser, 103. 

Pumps, acid, 301. 

-filler, 58. 

' HubhtUiites, 302. 

-e \ uter, 302. 
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coiupOBitUm, 60. 
}*vniiioiiir, < 6C. 

V 

(^1 AliULri.L K\ Al'UUATION, 45. 

l^\rKAK<>f K, Co^irosmoj:, 66 . 
-- stlrlipth, 67. 

balt#'ry, 14S. 

’ajali 40.*). 

liiltiiu canes 40.). 

Jccl-knnt, 36.S. 

U'lmrd’s but1er.v,^ri!. 
ieiidrock, comjHi^tiiDn, OG. 
Sidort stand, wire, 0. 

Sncr Mate liouhcs, 70. 
itilninJe, composition, 6f>. 
NhIic's copyiliK procf^-, 2'i, 
J'ollinp bpiid, 3HO. 

Hopes, liaxsscr laid, 370. 

-pioubintl a hook, c»0. 

- S170S, 36^*. 

- - Kioring, 36 S. 

.strcntJ:th, 3t;s 378. 

tackle, 377, ^ 

■-tyin^^ and Bplicinp, JGs. 

whippiiifc, 37e. • 

llointhtop's Kpiinkier, 74. 
cements, )7. 
to nictal, ceineiiting, 17. 

- watcrpriM)t*s, 311. 
t; tinning bowline, 370. 

Ilostmg non, 2si. 

pievenihoh,'2ri9. 

' removers, ‘260. 

iLuthciibnrg s]>rinklrr, 76. 


S.iiety valve for extra* tion apparatus, 
Salicylic aod iu fo<Ml, 274. 

Saline solutions, cold concentration, 42. 
t^lonion's cutnnmtator, 161. 
Sa-fifragine, composition, 66. 

Schwartz powder, coniiMissitiun, 66. 
Selby b baitcry, U»5, 

Selenium Iwttcry, ir>7. 

Sclvagee, 37.9. 

Sensitising paper, 23. 

- - - solutioiiR, 23. 

Scslilnie-nnihliL r,i. 

Sbukiido, 234. 

Shales netting, 3Si, 

Sin epmank, 37o. ^ 

Sheet liend, 36s, 372. 

Sliihn-iclii, *231. 

Short splicing, Sti. 

Silver, corruHioii, 301. 

-tulmiiiRtc, fitrenglh, 67. 

protection, 301. 

Single llukt battery, 153. 

sheet b^d, 368. 

Sipboii barometer, 417. 

Siphons, 305. 

— yicid, :W5, 

-for battciic-*, 148. 

—• intermittent, 30«. 

— Hr*- ent, 306, 

-V,rimed by bliA'ing, 3C 

-^elf primiug^U?. 

Ski/vanof battery, 159 , 

Sk/>f, 4. 


Sloam’s air l>:ilh, 3*2, 

-Imltoiy, 153. 

Smirkr's spriiAlt^r, 77. 

Smith's coating for non ]iipes, 2''H, 
Smllhb* tools, 248. 

-work. 218. 

Simkewood walking Hl.wks, 403. 
Siiyiler’s stock, 2 , 

S«»]dor, Orinncll’s, 76. 

Soldering, cleitric, 2I.'J. 

-Bt«TeotyiM‘s, 350. 

Simian's cement, 13. 

SiK*!Ke powder, coinpobitioii, 66. 
Splicing, 374. 

SpfKils, netting, 3H4. 

Sprinklers, automatir, 73. 
stamping ink, 86. 

I stamia, wire, y. 
i Statue foundry, 229. 
j Steel, col roKHJti, *284. 

I ~ lacquer. 01. 

‘-protection, *287, 

I Stencil ink, K5. 

I Stereolyjiing, 33*2. 

'-beating brush, 311. 

'-surface, 339. 

•>- casting Imx, 312. 

— curved platcfl. 351. 

‘ — drj mg press, 310. 

-eatly metluKl, .332, 

- floiiir, 335, 336. 

- — jaug«‘S, 313, 

-mc lal, 341. 

piste, 337 . 
principh's, 33>, 

' holdcring, 350. 

-- tiUiiming plates, 345. 

Still, water bath, and pcrcolal(*r, 12. 
' ^ bme cement, 1 h. 

1 Stoj>))er8, tilling, 320. 

! Slot age batteries, 185 . 

I Sioriug muds, 262. 

I —eggs, 266. 
storm glass, 421. 

MilpiiuroUH acid in food, 274. 
Switchboard, 100. 

' IVcKi.K, 377. 

rails, 366. 

I '*‘ai ring iron, 205. 
i Tea drier, 3s. 

I rcH/le walking stickR, 401. 

! 'lelcphones, 100. 

~ - flwiti'hboard, 100. 
reiinis nets, making, 392. 

«— mending, 395 
To.'»t-tul>e iiolder, wiic, 9. 

-Stand, wire, 11. 

I Textiles, tiroprooiing, 80. 

[ L'hcatres, tireduors, 7a. 

-lln'prooting, 71. 

! -lighting, 72. 

’-oxydiydrugen ILidit, 7.1. 

-pyrotecbuics in, 72. 

-Hconery, 72, 

- — Shaw's cnitain^ 

— Ht rubral yecaistlons. 

-- waBh\or wTiodw<irk, 7i 

Thisth* waiting 8tick8,^U3. 
Thomsefi'b tap, 367. 

- w'0l*li^g apparatus 21 


Sa<’c’Haisisi 5 SoIXTn)^s, Cou» Concentration, 
42. 
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Tlinmb-kniit, 36 h. 

Tiiiil»cr, fireproollnp, 80. 

-flniiR without Hamo, C7, 

-hitch, 3i0. 

-incomhuslibU*. 81 , 

— pieHervInp, ' 28 ‘h 

*1 in, fistenhi^ laimis to, G. 

'I’obiMCo pliK'S, 

'lonbiidgo ware, Japaniihig, 01. 

I ougs, wiro, 9. 

I onite, composition, 00. 

— strength, f»7. 

I'onquin canes, 4o:h 
'I'oolfl, keeping, 2a9. 
i'racingfl, mounting, 27. 

*1 ransformt-rH, electric, 2 <»o. 
'I'runsparencicH, printing, loC. 

1 rojrs. jai^nning, 

Tre'by’B gas battery, l*b>. 

'rrccB, measuring height, i:ju. 

I'lipod htund, wire, M. 

'I'ubcs. sealing, 320. 

. 'i’weezerH, wire, 9. 

'I’ypc printing, 27. 

'ryiug, 3fi8. 

— bundles, 375. 

—- parcels, 374. 

^typographic blocks, 28. 

Ul'SETTlNr. Ikon, 25C. 

Upward liltratiofi, C3. 

UmsUi, 91, 

VvccoM Filtkk, 5C, 6:5. 

-* pump for lilteriog, 56, 50, 03. 

\'.mi!8li, luY>el, 5. 

\"eliHipede, bent l»ack1)onc, 3«0. 

--craiiic, .380. 

--baiidle-linr, 380. 

— buckled wln»ol, 3H0. 

' electric light for, 3S]. 

Victor sprinkler, 77, 78. 

Viscid Uquors, Hitoring, .5<i. o.t. 

Volncy’fl powder, elrengUi. 67 
V'ouge'a gelatine, explosive LtrengiO, uT 
V'ulcan ]^wder, composition, 06. 
Vynaud powder, comiKisition, 0 ^ 

IValk^.g SrrcKri, 397." 

-niut»*riats, 397. 

-preparing, 403. 

--staining, 406. 

-varnishing, 406. 

Walworth's sprinkler, 76.; 

^Vash-lK)ttle, 12. 

Waste-wax bronze casting, 221. 

WntfT bath, constant, 40, 

—. —— percolator, and btlll, 12. . 

- — battery, 161 . ^ 
cooling, 19. ' 

-distilling, 44. 

filtering, 63. 
gas, 61, 

— UTOM), 40. 

— pnmps, 302, 

-raifjing, 302. 


—(— 

Wilier removing by calcium chloride, n 

-by coiitrifugal mRchiiua, 4i. 

- --by cold, 42. 

-l>y heat, 32, 45. 

-hy presses, 42. 

\\'’aterproof ink, 87. 

Waterj)riK)flng 15bol8, 311. 

-rubber, 311, 

Wax compositions fur models, 221. 

— inndidUiig. 325. 
w^eaverr*' knot, 372, 386. 

W* iglitfl, wire, 11. < 

Welding bars, 213. 

— copper, 240. 

-- plates, 211. 

— elcctiie, 193. 

— iion plates, 211. 

—— metiils to riHi <*tlier, 213. 
Weymerseb battery, 161 . 

Whangee canes, 403. 

Whin walking sticks 401. 

Whipping a rope, 370. 

White |)ow'dor, composition, 66. 
Whitethom'wnlking sticks 403. 
Whitewash, fireproof, u9, 

Whiting's sprinkler, . i. 

Whittaker's copying ajipiratns, 22. 
Wilkinson's floors, 7o. 

W’ire rp|)aratU8 for hilsiratory, 7. 

— Hunsen burner, 71. 

-- damps, 9, 

-CKirk puller, 11. 

-electrical connector, II, 

-microscope stand, 11. 

— pincbcocK, 9, 

-retort stand, 9. 

— rope, splieiiig, 3?4. 

-tf’tet-tub« holder, 9. 

— -Stand, II. 

-tongs, 9, 

- triiMXistaud, 9. 

tweezers, 9. 

“ weights, 11. 
ircfa, insulating, 216* 

-Joining, 216. 

Wonder chimera, 96. 

IVood, fireproofing, ho, 

-firing without flame, 67. 

-incombustible, 81, 

—— japanning, 94. 

-preserving, 287. 

WoodburytypoH, ill, 
iVoorten, solid, floors, 7o. 

Writing, detecting forgfsl, k7, 

— Ink, black, 82. 

--blue-bhu;k, 82. ' 

— on glass, 6. 

— on metals, 6. 

Writings, duplicating, 22. 

ZtKC, CoKito.sro.v, 301. 

— fastening lal)elB hi, 6* 

— protootioDf 301. 

Zlncotypes, 25. 

Zirracote walking sticks, 4(13, 


I.OKDON: rniNTnr nr william clow^v*!sons, limitbd, 
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The PHOSi>HOR BRONZE GO. 

87 SUMNER STREET, SOUTHWARK, LONDON, S.E. 

BrancliFoundry<& Mills-BAGOT STREET, BIRMINGHAM. 


• ^ SOLfC MAKEHS OP THE CELEJiHATED 

»COG WHEEL” AND “VULCAN” BRANDS 

PHOSPHOR BRONZE INGOTS 

•AND CASTINGS. 

A special qualify in the form of Phosphor Bronze Spring and 
other V^re, Rods, Plates, Strips, Doctor Blades, d.c. 

Also supplied in Billets, Wirebars. and Ingots. 


SILICIUM BRONZE 

ELECTRICAL WIRE, 

^ In ttttral QualiliM {see Circulars and l*rice Lists), 

For OverhcBd Telojjjrapli and Telepliono Linos, &c-, as used hy the chief 
Railway and Tol<;phone Coinpanica throughout the Workl. 

HIGH CONDUCTIVITY. GREAT TENSILE STRENGTH. 

J^EStSTANCE TO CORROSION. PRACTICAL INDESTRUCTIBILITY 


ROLLED AND DRAWN BRONZE, ALLOYS, 
GDN METAL, BRASS, TIN, GERMAN SILVER, &0. 

Bronze, Gun Metal and Brass Castini^s in 
the rough or machined ^quired^. 

Pace end of mt^ter.} 



WRIGHT, GURK & WALLIS 

157 Southwark Bridge Road, London, S.E. 

GENERAL ENGINEERS AND MILLWRIGHTS 

REPAIRS TO MACHINERY A SPEr.L?^TY. 

- - • •• ^ 
Engineering Work for the Trade in ail Branches! 

SPECIALTIES: 

CM’S Three and Five Roller MOls 

WaRis’ Patent Four RoUer Mills 

ROLLER GRINDING MILLS 

VOR 

Paints, Inks, Pigments, &c. 

Rollers in Best Granite, Porphyry, or Chilled Iron. 

EVERY KIND OF PUG AND MIXER 

57 l^OUTHWARK BRIDGE ROAD, LONDON, $:E. 

\ 11 * 'w 




ire kncwn Uirongliout the World for Heir Standard of Excellence. 


36 ron 3 c /Iftc&al 

1884. 



(Bol5 /Il^c^al 

1800. 

• 


A Notable Catalogue 


Wftt be Given Away 



on of Htumps to 

oovcr postngo. 


No. 10 Section—Engineer!* 
and Special Tools and 
Machines. 

Postage, 5d. 

No. 11 Section — Wood- 
W‘jr)<erB’ and General 
Tools. 

FostagOf 4d. 

Foreign Postage, h* each. 



Established 1828. 




84-87 FETTHR LANE, 
HOLBORN CIRCUS, LONDON. 

















The PHOSMOR BliONZE CO. 

LIMITED , 

87 SUMNER STREET, SOUTHWARK, LONDON, S.E. 

AND AT BIRMINGHAM 


Sole Makers of the Original "COG WHEEL ” and " VULCAN " 

Brands of 

"PHOSPHOR BRONZE” 

Tbc best aad most durabh AUoys tor Stide Vatves, HearlojcSf BusheSf 
Biectiic Straps, and other parts of Machlacry exposed to friction 
and wear. Pump ttods. Pumps, Piston kinjcs. Pinions, 

Worm Wheels, Motor Gearing, 

SOLE MAKERS. OF 

“GUNIBRA” A Malleaole Bronze 

STRONG ROLLED BApS for PUMPS, &c. 

Strong as Steel, Malleable as Wrought Iron, Non^Cvrrodible as Gun Metal, 

“ DU RO. M ETAL ” 

CREQIST^RCD TRADE MARK) 

ALLOY B, specially adapted for BEARINGS for HOT NECK ROLLS of 

IRONWORKS, TIN-PLATE MILLS, &c. 

ROLLED & DRAWN PHOSPHOR BRONZE, SILIGIUM & 
OTHER BRONZES, NAVAL BRASS, GUN META 4 
o AND MANGANESE BRONZE. * 

s 

BABK.TT METAL, “VULCAN*' BRAND, PLAto^IC METAL, “COG 
WHEEL" BRAND, ‘^WHITE ANT" METAL, cheaper than any 
Babbitt's and equal to Best Ma£:noUa Metal. $ 

PHOSPHOR TIH^ PHOSPHOR COPPER, “ COG WHEEL ” BRAMI) 

If ' 

Please s^cify'the mAnufacture of the Phosphor "hpnze Qo„ Ltd., Southwark, do 

yrev'ni impostfion and ernr. » 













